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NEWBORN. 

Delayed Restobation of the Prothbombin Level. 
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Arthur M. Grossman, M.D., 
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and St. Mary’s Hospital.) 

Knowledge concerning the danger of hemorrhage in the new- 
born dates back to ancient times. In Genesis one finds the Mosaic 
law specifically setting the eighth day after birth as the time for 
circumcision, and numerous repetitions of this law are found both 
in the Old and New Testament. Even now circumcision and other 
operations are usually postponed until the baby is a week old. 
Nevertheless, this potential danger of hemorrhage is not clearly and 
generally recognized since excessive bleeding is relatively rare. 
^^Tien hemorrhage does occur in babies, it is usually looked upon as 
a distinct clinical entity to which has been given the name “hemor- 
rhagic disease of the newborn.” 

The existence of a bleeding disease in newborn infants was first 
reported in the European literature by Mauriceau^'^ in 1682. Um- 
bilical bleeding was reported by Watts®^ in 1753, and Cheyne'^ 
recorded a case in 1801. The disease was also described in a treatise 
by Capuron® in 1820. H. J. Bowditch,- apparently the first American 
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who published studies of tlie hemorrhagic disease in babies, recog- 
nized the possibility that umbilical bleeding was perhaps only one 
manifestation of a hemorrhagic diathesis. F. hlinot^’ presented a 
similar view in a paper published 2 years later, and suggested that 
jaundice might be an etiologic factor as he found a frequent asso- 
ciation of bleeding witli icterus. The concept that umbilical bleed- 
ing was a part of a more general bleeding tendency was further 
established by the work of Coale* and Thayer.** In 1894 appeared 
the classical paper of Townsend,*’ in which he named the syndrome 
“the hemorrhagic disease of the newborn.” He furthermore clearly 
differentiated this condition from hemophilia and emphasized the 
fact that the disease ivas self-limited. He beliei’^ed that infection 
was the cause. The further minor developments in the recognition 
of this disease have been adequately summarized by Gelston,* and 
Lbvegren^* has reviewed the literature on melsena neonatorum. 

The cause of the hemorrhagic disease in newborn babies baffled 
the early ini'^estigators, and little that ivas in any waj' helpful in 
determining the basic factors responsible for the bleeding was 
contributed by subsequent workers. Minot listed as possible etio- 
logic factors: hereditary predisposition, sex, liver dysfunction, and 
imperfect closure of the umbilical vessels. Townsend, as already 
mentioned, considered the disease of infectious origin. In 1912, 
Schloss** summarized the prevailing views of the disease. He 
pointed out that the bleeding may be due to hemophilia, infection, 
congenital sj'philis, gastric or duodenal ulcers, a defect in the 
coagulation mechanism such as a deficiency of fibrinogen, diminu- 
tion of thrombin, or to localized vascular lesions. Schloss and 
Commiskey*^® somewhat earlier had reported that in the hemor- 
rhagic condition of the newborn, coagulation may be normal, de- 
layed, or absent. In retrospect, the most important observation 
was that of Whipple** who found a complete absenee of prothrombin 
in a fatal case of tliis disease. Unfortunately, the test was made 
on postmortem blood. Furthermore, knowledge coneerning the 
coagulation mechanism was in such a confused state at that time 
that his findings could not be properly evaluated. 

In 1921 Rodda*^ made the interesting observation that the eoagu- 
lation time of babies had a tendency to increase after birth, reaching 
the maximum retardation on the fifth day, but returning to normal 
before the tenth day. Lucas and his associates^’' confirmed these 
observations. No satisfactory explanation for these findings could 
be offered. Sanford and Leslie** came to the conclusion that the 
platelets were more resistant to disintegration in tins hemorrhagic 
disease. 

Since the cause of the hemorrhage in infants was not known, 
treatment could not be specific, hlinot and the other early inv'esti- 
gators attempted merely to treat the bleeding locally with styptics 
and astringent agents. The injection of gelatin solution was used. 
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especially by European clinicians.^® In 1908 Lambert^® successfully 
treated a bleeding baby with a direct transfusion of blood. Welch®® 
a little later reported a series of 12 cases treated both by direct 
transfusion and by subcutaneous injection of blood. Schloss and 
Commiskey®'*® introduced the method of injecting small amounts of 
blood intramuscularly. The authors, however, recognized the diffi- 
culty of evaluating the efficacy of this treatment because of the fact 
that spontaneous recovery could occur. In fact, they reported in 
a later paper®^^ a case in which the baby died in spite of the treatment 
with several injections of blood. Soresi®® advocated direct trans- 
fusion as the best method. Nevertheless, the injeetion of whole 
blood intramuscularly became awidely accepted therapeuticmeasure. 
Sanford and Leslie recently challenged the value of this method and 
advocated intravenous transfusion as the preferred means of giving 
blood. 

With the recognition of the importance of prothrombin deficiency 
as a cause of hemorrhage, and the discovery that vitamin K is 
essential for the synthesis of this clotting factor, came a new ap- 
proach to the study of hemorrhagic disease of the newborn. In 
1935 Quick^®“ described a quantitative method for prothrombin and 
showed that this clotting agent was markedly diminished in certain 
jaundiced patients. A year later Warner, Brinldious and Smith®® 
adopted the principle of Quick of adding an excess of thromboplastin 
and developed a second method for determining prothrombin. 
Instead of completing the test in one step, they determine the 
dilution of the plasma which witli thromboplastin and calcium will 
clot a solution of fibrinogen in 15 seconds, and they express the 
concentration of prothrombin in terms of this dilution factor. By 
means of their method, Smith and his associates® found almost a 
complete absence of protlirombin in a case of severe bleeding that 
occurred in a newborn infant, which confirmed the earlier observa- 
tion of Whipple. Oddly, however, when they applied their method 
to the study of normal infants’ blood, they found astonishingly low 
values. In 4 babies, 5, 8, 8, and 11 days old, the prothrombin 
concentration was 36, 44, 27 and 37 % respectively, and even babies 
2 months old still had a prothrombin level of only 42% of normal. 
These results suggest that all babies are in potential danger of 
hemorrhage during the first few weeks of life, which is not in accord 
with clinical observations. 

Since the methods of both Smith and his associates, and of Quick 
are based on unproved assumptions, it is possible to evaluate them 
only in terms of their correlation with clinical and experimental 
findings. In regard to Quick’s method, it has been found to be a 
delicate measure of the prothrombin concentration in the blood of 
jaundiced patients and promptly shows the response to vitamin K 
therapy.^®"^ Likewise in experimental studies of vitamin K defi- 
ciency in chicks'®® and in rats'® the procedure showed a progressive 
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drop of protlirombin, and a restoration to normal when the vitamin 
w^as supplied. In chloroform poisoning in dogs, a severe fall in 
prothrombin w^as also found w'ith this method. In sweet clover 
disease^®* the method . demonstrated the continuous drop in pro- 
thrombin, and the accuracy of the determination was shown by the 
fact that when the prothrombin reached a certain level the animal 
invariably died from a hemopericardium if blood w^as taken by heart 
puncture. Recently the method w^as employed to demonstrate 
prothrombin deficiency in various intestinal disorders and to show 
the response to vitamin K therapy.^ Thus, the method of Quick 
has given satisfactory results in the study of all hemorrhagic dis- 
eases characterized by a deficiency of prothrombin. In many con- 
ditions, moreover, this method yields results wdiich run parallel 
with those obtained wdth Smith’s procedure. It seemed therefore 
desirable to study the prothrombin concentration of the blood of 
new'borns wnth Quick’s method. 

Table 1. — Quantitative Determination of Prothrombin. 

Clotting time.* 


Concentration ot Diluted plasma, t 

prothrombin in Undiluted plasma, 50%, 

plasma, %. sec. sec. 

100 11-12 15 

97 16J 

90 16 

85 16J 

80 m 17 

75 17J 

70 18 

07 18 i- 

65 19 

60 13J 19J 

58 20 

56 20J 

53 21 

50 15 21§ 

40 17 

30 19^ 

25 22 

20 25-26 

10 37-40 

5 55-65 


* O.'calated plasma, 0.1 cc., is mixed with 0.1 cc. of thromboplastin solution, and 
recalciBed with 0.1 cc. of 0.025 M calcium chloride. The clotting time is determined 
at 37.5° C. 

t The plasma is diluted with an equal volume of physiologic saline solution. 

Procedure. Blood was drawn from the internal jugular vein. Usually 
1.8 cc. of blood were taken and mixed immediately with 0.2 cc. of 0.1 M 
so^um oxalate. The plasma was analj'^zed for the prothrombin content 
by the method described previously Since the variations in clotting 
time between 50 and 100% are verj’- small, greater accuracy is obtained by 
diluting the plasma tvith an equal volume of physiologic saline solution, 
and then determining the clotting time of the 50% plasma (Table 1). 

It has been found that if the thromboplastin which is prepared by the 
acetone method is kept in evacuated glass ampules, no loss of activity 
occurs. 
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Results. The results are summarized in Chart 1. At birth the 
concentration of prothrombin is relatively high, about 60 to 75% 
of the normal adult value. The series, however, is too small to 
conclude that the prothrombin is nearly normal in all newborn 
infants, but the fact that the analysis of a great number of cord 
bloods (placental) gave values of 60 to 70% suggests that the pro- 
thrombin in the baby at birth is fairly high. Soon after birth, 
however, the prothrombin decreases, and may reach exceedingly 
low levels. In the babies studied, the prothrombin was lowest the 
first day, somewhat higher during the second day, and almost always 
normal after the third day. Since these results were first reported,^® 
Waddell and Guerry,^® and Owen, Hoffman, Ziffren and Smith’^® 



Age in Days 

Chart 1. — The prothrombin concentration in the blood of newborn infants. All 
babies were in good health. One baby with a prothrombin of 7% had mild umbilical 
bleeding. The points connected by lines show the restoration of the prothrombin in 
one infant. 


(both groups using' Quick’s method) obtained similar results with 
the exception that the drop in prothrombin usually came on the 
second and third days and returned to normal after the fifth day. 

From the results obtained, it can be concluded that at birth the 
prothrombin in the baby’s blood is relatively high, but often drops 
precipitously during the first days of life, and then, strangely, is 
spontaneously restored. Immediately, an answer is suggested to 
the question of the origin of the hemorrhagic disease of the newborn. 
The frequency with which the prothrombin falls in normal infants 
makes it highly probable that all infants are in danger of hemorrhage 
during thefirst few days of life. In the recognized hemorrhagic disease 
of the newborn, it is very likely that the fundamental cause is a 
delay in the spontaneous restoration of the prothrombin level. It 
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will be recalled that ToAvnsend in 1894 clearlj" stated that the 
disease was self-limited. Thus, it seems that tlie hemorrhagic 
disease of the newborn is a potential threat to all infants. Conse- 
quently, if an infant should bleed accidentally, the small loss of 
blood may be sufficient to reduce tlie prothrombin level Avhich is 
already low to a point Avhere hemorrhage becomes difficult to control, 
and a A'icious circle is initiated. 

The cause of the prothrombin deficiency seems to be due to an 
inadequate storage of prothrombin or of vitamin K in tlie fetus. 
Presumably as soon as the baby is born, the physiologic demands 
promptly exliaust the available prothrombin. Since there is appar- 
ently neither a reserve of vitamin K nor of prothrombin, a marked 
decrease of the latter occurs. The condition is clearly due to a lack 
of vitamin K, for not only can the prothrombin be promptly restored 
to normal by giving the baby a concentrate of this vitamin, but also 
the serious fall in concentration can be prevented by the oral 
administration of this food accessory substance.-® 

This leads to the interesting speculation concerning the sponta- 
neous recovery of the prothrombin level in normal infants. Since 
the drop in prothrombin is distinctly a manifestation of vitamin K 
deficiency, the rise must be due to a supply of this vitamin which 
was not present at birth. In view of the fact that the food intake 
during the first few days is scarcely sufficient to assure an adequate 
supply of vitamin K, another source must be sought. As is well 
known, especially from Almquist’s^ work, bacteria readily sjmthe- 
size vitamin K. At birth the intestinal contents of the babj’^ are 
sterile, but in a very short time, especially if the baby is allowed to 
suckle, bacteria are introduced, and an intestinal flora is established. 
The time relation between the beginning of bacterial activity and 
the restoration of the prothrombin level makes it appear likely 
that the aA^ailable Autamin K is of bacterial origin. This explains 
adequately the rather puzzling finding of Javert^* that the incidence 
of hemorrhagic disease of the newborn in a large series of cases Avas 
over twice as high in the New York Hospital as in the outdoor service 
of the BerAvind Free Maternity Clinic. The babies born under the 
far less sanitary conditions of the home or tenement had a chance 
to infect their intestinal tracts sooner than the babies born under 
the ideal conditions of a modern hospital. Perhaps the practice of 
putting the baby to the breast early serves the primary purpose of 
introducing harmless but useful bacteria into the alimentary tract. 

While one can only speculate on the cause of the fall of prothrom- 
bin and its rather prompt restoration in normal infants, the fact 
seems well established that e\'en a healthy infant with no visible 
signs or symptoms may haA^e for a short period an astonishingly low 
concentration of prothrombin in its blood. With this concept, a 
concise delineation of the hemorrhagic disease of the newborn can 
noAv be presented. Only a few months ago Clifford" wrote: “The 
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diagnosis of hemorrhagic disease can only be made on clinical 
grounds until its etiology is established, in the absence of character- 
istic pathology or consistent laboratory findings.” Now the diag- 
nosis can be made by laboratory means, before the child shows 
clinical signs, and the chief etiologic factor can be considered as a 
deficiency of prothrombin due to absence of vitamin K. The con- 
clusion of Clifford that the hemorrhagic disease is a loose clinical 
syndrome and not a true disease entity no longer holds and the con- 
fusion concerning the disease, which this author discusses at length, 
can be cleared. 

The hemorrhagic disease of the newborn is clinically recognized 
by external or internal hemorrhage occurring during the first few 
days of life; is characterized by an exceedingly low prothrombin 
content of the blood; is usually self-limited but may be fatal; and is 
promptly cured by vitamin K. It is probable that the disease may 
be precipitated by a small hemorrhage, thus further reducing the 
depleted prothrombin as already discussed. Although no positive 
proof exists that cerebral hemorrhage in babies following delivery is 
one form of the “hemorrhagic disease,” it seems very likely that it is, 
and that the lowered prothrombin is the important factor. If the 
latter clotting agent were normal in amount, the excess of thrombo- 
plastin which is present in the brain would speedily stop hemorrhage. 

With these considerations, attention can be turned to the preven- 
tion and treatment of the disease. Since no evidence exists that 
the baby is born with a marked deficiency of prothrombin, the 
important problem to be solved is the prevention of the fall in the 
clotting factor. Waddell and Guerry have demonstrated that this 
can be accomplished by administering vitamin K orally. But in 
the normal infant, this hardly seems necessary. Perhaps a return 
to the practice of early breast feeding will be sufficient. But in 
any case of difficult labor in which intracranial injury is likely to 
occur, the oral administration of a concentrate of vitamin K should 
begin immediately and be continued for several days. Vitamin K 
should also be given promptly if slight oozing is noticed from the 
umbilical cord or any other small wound, or if blood appears in the 
stool or urine. Unless the hemorrhage is severe, a direct blood 
transfusion need not be given since vitamin K acts very promptlj^ 
Whether intramuscular injection of blood is of any value has never 
been satisfactorily answered. 

Jaundice in the newborn is not a contributing factor, for a number 
of babies who were distinctly icteric had a normal prothrombin level, 
whereas babies that had shown a low prothrombin level had no 
evidence of bile in the blood. Furthermore, a case with congenital 
atresia of the common bile duct reported earlier^®' showed a normal 
prothrombin, and another baby 5 weeks old that was jaundiced 
from birth likewise had a concentration of 100% normal. Watkins 
and WrighU® found that a baby who survived 15 months with 
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congenital atresia of the bile duct had a normal coagulation time. 
It appears that when the normal prothrombin level is once estab- 
lished in the baby, it becomes difficult to cause any appreciable 
diminution. It is therefore usually possible to operate on a child 
after it is a week old without danger of untoward bleeding. If it is 
imperative that an operation be performed earlier, the prothrombin 
should be determined by Quick’s method, and if it is found low, 
vitamin K should be given preoperatively. 

With this new concept of the hemorrhagic disease of the newborn, 
rapid progress can be expected. The prevention of the prothrombin 
decrease after birth is of particular importance and warrants further 
study. While it appears likely that the vast majority of bleeding 
cases will be found to be due to prothrombin deficiencj^ it must be 
recognized that other types of hemorrhagic diatheses may be 
encountered. Congenital absence of fibrinogen, although exceed- 
ingly rare, can be the cause of bleeding.^^ Hemophilia, perhaps, 
rarely manifests itself immediately after birth, but theoretically 
must be considered. It is interesting that the 2 cases reported by 
Bowditch are not altogether typical of hemorrhagic disease of the 
newborn, as this clinical entity is now recognized. In his cases, the 
hereditary factor seemed most important. According to present 
concepts, a definite diagnosis can only be made by establishing a 
low prothrombin by laboratory tests, or by curing the disease with 
vitamin K. If these two diagnostic tests are negative when applied 
to an unknown bleeding condition, it does not belong to the disease 
presented in this paper. 

Summary. It has been found that the prothrombin concentration 
of infants’ blood is nearly at the same level at birtli as that of the 
adult. It often drops, however, abruptly during the first few days 
of life, but is restored spontaneously and usually promptlj'- to normal. 
The suggestion is made that the recovery of the prothrombin con- 
centration is brought about by the establishment of a bacterial 
flora in the intestines, and that this initiates the synthesis of vita- 
min K which becomes available to the organism of the infant for 
the production of prothrombin. 

The hypothesis is presented that the cause of the hemorrhagic 
disease of the newborn is due to a delayed restoration of the pro- 
thrombin level, and the disease is defined as one which is clinically 
recognized by external or internal bleeding; is characterized by an 
exceedingly low prothrombin concentration in the blood (as deter- 
mined by the method of Quick) ; is usually self-limited, but may be 
fatal; and is promptly cured by the oral administration of vitamin K. 

Since this paper was submitted, Nygaard (Acta Obst. et Gyn. Scand., 29, 361, 
1939) reported that the prothrombin is normal at birth but begins to drop during 
the second half of the first day. He further reports that vitamin K prevents this 
fall in prothrombin. Three cases of bleeding in the newborn responded promptly to 
vitamin K given orally. 
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In a previous communication** the authors have reported changes 
in the hemoglobin, volume of packed red cells, reticulocytes, and 
fragility of the erythrocytes in a series of newborn infants over a 
9-day period. At the same time investigations were carried out 



10 


WAUGH, iMERCHANT, MAUGHAN: 


on the changes in the bilirubin content of the blood plasma, utilizing 
the Evelyn'^'® photoelectric colorimeter technique. The present 
paper is concerned with this phase of our research. Before present- 
ing this, however, we believe it would be advisable to review briefly 
some of the more pertinent facts in regard to bilirubin and some 
of the recent advances in our knowledge. 

It is now generally accepted that bilirubin and hematoidin are 
chemically identical and that the hemoglobin liberated from the 
destruction of red cells is the only known source of bilirubin.- 
The direct and indirect Van den Bergh reactions of bilirubin with 
the diazo reagent are familiar to everyone, but there has been 
considerable debate as to the nature of these reactions. Two theo- 
ries have arisen; 1, that the two types are chemically identical 
but that in the indirect form the bilirubin is adsorbed by a serum 
constituent (apparently globulin) and so prevented from reacting 
directly with the diazo; 2, that there is a difference in chemical 
composition betAveen the bilirubin normally found in the circulating 
blood and that Avhich has passed through the liver cells. The 
experiments of Bollman, Sheard and hlann® lent considerable sup- 
port to the first when they showed that alcohol-acetone and aqueous 
solutions of serum from cases with obstructive and hemolytic 
jaundice when measured spectrophotometrically gave similar light 
transmission curves. Barron- demonstrated in vitro that direct 
reacting bilirubin when added to normal serum Avas transformed 
into the indirect type, and that the addition of a substance of lower 
surface tension (AA’^hich would be more readily adsorbed, thus freeing 
the bilirubin) such as alcohol, bile salts or cholesterol, brought about 
a reversal to the original form. The application of this to the func- 
tion of the liver is apparent. In support of the second theory, 
Andrewes^ observed that the direct reacting bilirubin oxidizes more 
easily than the indirect tj^je. Van den Bergh®° pointed out that 
the direct bilirubin is more readily adsorbed by the protein pre- 
cipitate formed by the addition of alcohol to sera than is the indirect 
bilirubin, Avhile Grunnenberg'- found that the direct reacting 
bilirubin passes into solution with chloroform Avhile the indirect 
does not. Others have supported one or the other of these con- 
cepts, but it is without the scope of this paper to revicAV the litera- 
ture completely. 

With the qualitative and comparatively crude quantitatwe Van 
den Bergh methods which haA^e been used in the past, the distinction 
betAveen the Amrious types of bilirubin reaction Avas apparently 
sharp. This led to their usage for diagnostic purposes AAdiich, AAdiile 
of distinct clinical Amlue, has unfortunately brought about erroneous 
conclusions concerning the types of bilirubin as they exist in the 
blood. This has been Avell demonstrated by the Avork of Malloy 
and Evelyn,-'" employing the photoelectric colorimeter, which has 
shown that even in the blood of normal adults from 35 to 70 % of 
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the total bilirubin is the direct type, the remainder being the 
indirect. By studying the various types of icterus they have found 
that there are always direct and indirect components of the total 
bilirubin which exist in varying percentages of the whole, depending 
upon the pathogenesis of the condition. For example, in jaundice 
due to biliary obstruction the direct percentage will be 60 to 80% 
or more of the total, but there will always be a small percentage of 
the indirect, while in hemolytic jaundice the values for the two 
forms will be reversed. In other words, the quantitative differences 
between direct and indirect bilirubin become a more or less relative 
matter. This would seem to support the view that the differences 
in relative amounts of the direct and indirect reacting bilirubin 
material are dependent upon some adsorptive substance which is 
present in the blood at all times to a slight degree but reaches high 
figures in the regurgitative (obstructive) types of jaundice. 

Icterus neonatorum simplex has been accepted as a normal 
physiologic process in the readjustment of the infant to extra- 
uterine life, but there has never been complete unanimity of opinion 
as to the pathogenesis. Jaundice in the newborn, of course, may 
be caused by other factors, such as congenital malformations of the 
hile ducts, sepsis, congenital syphilis, erythroblastosis, and so forth, 
but we are not primarily concerned here with these. It has been 
customary in the past to distinguish between icteric and non- 
icteric infants, although it has been known for some time that all 
infants show a hyperbilirubinemia at birth, and that this bilirubin 
reacts indirectly with the diazo reagent.^®'^®’^®“'^®’®® Therefore, the 
terms icteric and non-icteric refer purely to the objective outward 
signs of jaundice. The incidence of icterus neonatorum has been 
variously reported from 30 to 90% or more, according to the criteria 
laid down for diagnosis. 

It is generally agreed that there occurs an increased blood destruc- 
tion in the newborn which leads to the formation of an excessive 
amount of bilirubin and which results in a certain degree of hyper- 
bilirubinemia. It is a controversial point, however, in those cases 
in which the hyperbilirubinemia reaches a level sufficient to cause 
jaundice, whether this is due primarily to an excessive amount of 
blood destruction, or whether it is the result of an inability of the 
liver cells to excrete the bilirubin which has been brought to them, 
thus resulting in an increasing retention of bilirubin during the first 
4 to 7 days of life. 

Among the considerations supporting the theory that excessive 
blood destruction alone is sufficient to explain the jaundice are the 
observations of Gordon and Kemelhor,^® Greil,^^ Rolleston and 
McNee,^^ and others, who found the presence of icterus and the 
degree of hyperbilirubinemia proportional to the rate of excessive 
blood destruction as noted by reduction of the red cells and hemo- 
globin. The hemolytic nature of the icterus was assumed by 
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Lepehne*^'^ and others on the basis of the constant indirect reaction 
of the bilirubin in the absence of the direct reaction. Goldbloom 
and Gottlieb^“ attributed the initial polycythemia to the low oxj'gen 
tension of the fetal blood, and using guinea pigs showed that 
increasing the oxygen tension brought about an increased blood 
destruction and a rise in blood bilirubin. Further, they reported®^ 
an increased fragility of the red cells associated with a fall in imma- 
ture cells. Therefore, from these and the above observations, they 
concluded that icterus neonatorum was a hemolytic icterus and was 
the result of a postnatal readjustment from a condition of oxj^gen 
unsaturation to one of normal oxygen saturation. Ehrenfest,® 
Schwartz, Baer and Weiser,-® and others attributed icterus to 
increased blood destruction on the basis of birth trauma and hemor- 
rhage. Book'* observed that ligation of the cord before cessation of 
pulsation reduced the incidence and degree of jaundice, and believed 
it due to the elimination of about 100 cc. of blood from the circula- 
tion. Williamson®- noted that blood pigment was deposited in the 
placenta and supported the theory by observing a relationship 
between icterus and the height of placental iron deposits. Others 
have lent support to tlris theory but space does not permit a complete 
review of the literature. 

The second theory, or that of primary liver insufRciency as the 
essential difference in the icteric and non-icteric infants, has gained 
considerable support from the observations of McMaster and'Rous^® 
who showed the normal liver to have a tremendous reserve capacity, 
so that even a small amount of normal tissue was capable of pre- 
venting jaundice in the presence of increased amounts of bilirubin. 
Rich®*® doubted if an uncomplicated excessive production of bilirubin 
was ever the cause of jaundice, and attributed icterus neonatorum 
to increased bilirubin formation and an impaired function of the 
liver cells due to immaturity. The physiologic insufficiency of the 
liver of the newborn was advocated by Yllpo,®® and Hirsch*® on 
the basis of functional immaturity, and they showed by comparative 
studies of icteric and non-icteric infants that the total excretion of 
bile pigments in the urine and stool was similar in the two groups, 
and further, that there Avas no agreement between the degree of 
icterus and the total amount of pigment excreted. Hess,** Snelling,®® 
and Yllpo®® observed a low initial bilirubin excretion which was 
folloAved later by an increased output at a time when the blood 
bilirubin was falling. Then Ross, Waugh and Malloy®® shoAved that 
in the cases with jaundice the average total excretion of urobilin 
in the stool and urine was loAA-er than in those Avithout jaundice, 
which Avas contrary to what one would expect in a purely hemolytic 
icterus. On the other hand, it was noted that an appreciable 
amoimt of bilirubin was present in the urine of only the icteric 
group, and they concluded that the liver cells of the jaundiced 
infants haA^e a temporary functional inability to excrete bile pigment 
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in sufficient quantity. Levulose tolerance tests by Heynemann'® 
and bromsulphonephthalein excretion tests by Herlitz^® clearly indi- 
cated reduced liver function on the part of all infants, as have the 
observations that jaundice is more frequent in prematures.^® Snel- 
ling®® advocated liver insufficiency on the basis of interference of 
normal function by a persistence of hematopoietic activity of the 
liver which lasted for several days. Elton® returned to the original 
theory of Quincke, to postulate a patent ductus venosus as the 
cause of the hyperbilirubinemia and jaundice. Grossly, he could find 
no relationship between blood changes and the intensity of jaundice 
or the degree of hyperbilirubinemia— a fact which has been men- 
tioned by others.^® Working with dogs, Meier“ was unable to 
increase the normal icterus neonatorum by the injection of phenyl- 
hydrazine and concluded that insufficiency of the liver rather than 
blood destruction was the primary factor. 

It is apparent, therefore, that there is considerable evidence 
supporting both the hemolytic and hepatic hypotheses. It would 
seem, however, if it could be demonstrated by the more precise 
and detailed methods now available that no relation was found to 
exist between the amount of blood destruction and the development 
of icterus neonatorum, then the former theory would have to be set 
aside. With the material from our studies on newborn infants, it 
seemed quite possible that this might be done. 

Source of Material. The newborn infants studied in this work are the 
same individuals reported previously®* and are normal full-term infants 
born on the wards of the maternity unit of the Royal Victoria Hospital. 
We limited our study to a 9-day period, making determinations on the day 
of birth (cord blood), second, fourth, sixth and ninth days. The cord 
blood was obtained usually after cessation of pulsation in the cord. There- 
after, the blood was obtained from the sagittal sinus by fontanel puncture. 
The infants were closely observed on the ward in order to detect the occur- 
rence of icterus neonatorum, erythroblastosis, complications and so on. 
We examined 65 newborns, obtaining complete 5-day studies on 33, 4 out 
of 5 on 12, and 3 or less on the remainder, with 5 disqualified because of 
illness or transfer. In all, we carried out over 250 examinations. No attempt 
is anticipated to follow these infants in the outpatient department. 

. Technique. Throughout this study we have utilized the Evelyn photo- 
electric colorimeter’-® and a modification of the technique for bilirubin 
determinations developed bj^ Malloy and Evelyn.®*® The colorimeter is a 
stabihzed, direct-reading, single photocell, photoelectric colorimeter 
equipped with light filters. The filter with a maximum transmission of 
540 millimicrons was used because light which has passed through it is 
readily absorbed by solutions of azobilirubin, and further it is unaffected 
by the yellow serum pigments, the absorption of which is negUgible at this 
transmission. Hemoglobin, of course, as we noted in our first paper, does 
absorb fight through this filter, but any error from this source (unless there 
is very marked hemolysis) is obviated by the use of a blank tube in the 
initial adjustment of the instrument. The technique utilizes a high con- 
centration of alcohol (approx. 50 %) so that all of the bilirubin reacts with 
the diazo reagent even in the presence of serum proteins. However, the 
method eliminates protein precipitation by means of an initial dilution with 
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water, hence any loss of bilirubin caused by adsorption on the protein 
precipitate is eUminated. Malloy and Evelyn have been able to recover 
within 2% of all the bilirubin in serum and other media, and thus the 
method gives higher and more accurate values than any other method 
heretofore employed. Our procedure is as follows: 

Reagents; 1. Diazo reagent— fresUy prepared by adding 0.3 cc. of 
Ehrlich's solution* No. 2 to 10 cc. of Ehrlich's No. 1. In our modification 
we used 60% dilutions of the Ehrlich solutions. 2. Diazo blank— 9 cc. of 
concentrated HCl diluted to 1 liter with distilled water. 3. Absolute 
methyl alcohol. 

Procedure: Two colorimeter tubes are set up and into each 5 cc. of a 
1 to 20 dilution of plasma is placed. To one tube 1 cc. of the diazo reagent 
is added, while to the other 1 cc. of the diazo blank is added. The colorim- 
eter is adjusted with the blank tube, then the sample tube is placed in the 
instrument and read at the end of 10 minutes and again at the end of 30 
minutes. The amount of direct bilirubin is then calculated from a prepared 
table,^^'’ the figure from which is divided by 7 to give the final result because 
of the dilution of our solution. To determine the amount of total bilirubin 
present in the plasma, 6 cc. of absolute methyl alcohol are then added to 
each tube and gently mixed. After 15 minutes, the colorimeter is again 
adjusted with the blank tube, then the sample read. The total bilirubin 
is then calculated in the same manner as above, but the final result is 
obtained by dividing by 3.5. 

By this method we determine the direct and total bilirubin in plasma, 
rather than the direct and indirect reacting bilirubin. The difference 
between the two is, of course, the amount of indirect present. It has been 
found that an adult will normally have a total bilirubin of 0.2 to 0.8 mg. %, 
of which about 35 to 70% is of the direct type. 

Total Bilirubin. We found the average total bilirubin in the cord 
blood of 53 infants to be 1.35 nag.% with a dispersion of 0.54 to 
1.98 mg.%. The average total bilirubin on the second-day venous 
blood of 48 infants was 3.17 mg.% (0.33 to 5.94 mg.%), while it 
was 5.27 mg.% (0.57 to 11 mg.%) in 47 newborns on the fourth 
day, 4.21 mg.% (0.19 to 13 mg.%) in 41 infants on the sixth day, 
and 3.1 mg.% (0.32 to 9.3 mg.%) in 41 infants on the ninth day. 
In our series, 30% of the cases developed icterus neonatorum. Of 
these 18 infants, all but 5 became jaundiced on the fourth day, the 
others developing it on the second, third and fifth days (see Table 1). 

Table 1. — Compabison op Total and Direct Blood Bilirubin, Hemoglobin, 
Volume op Packed Red Cells, and Index op Fragility Between 
Icteric and Non-ictebic Infants During the Period Studied. 
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51.1 

51.4 

390 

405 

2d day 

. 3.52 

2.82 

0.51 

0.51 

15.4 

15.54 

48.8 

49.8 

338 

350 

4th day . 

. 6.32 

4.22 

0.49 

0.44 

15.3 

15.52 

47.7 

49.2 

335 

324 

6th day . 

. 5.67 

3.48 

0.49 

0.53 

14.5 

15.13 

45.1 

47.7 

346 

333 

9th day . 

. 4.07 

2.13 

0.53 

0.48 

14.35 

14.85 

44.4 

46.5 

379 

344 


* Ehrlich’s solution No. 1 is prepared by 1 gm. of sulphanilic acid dissolved in 
15 cc. concentrated HCl and diluted to 1 liter with water. Ehrlich’s solution No. 2 
is 0.5% sodium nitrite. 
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It will be obser-ved that the two groups show the same average total 
bilirubin in the cord blood, but that the icteric infants have a slightly 
higher concentration of the pigment on the days examined there- 
after. On closer inspection of the individual cases, however, a 
wide variation in values within the two groups was found. It was 
noted on the fourth day, when the majority were jaundiced and 
the values for almost all infants were at a maximum, that of the 
15 icteric infants, 12 had a total bilirubin greater than 5 mg.%, 
while only 3 were less— the lowest being 0.73 mg.%. Of the 32 
non-icteric infants, 20 had values less than 5 mg.%, while the 
remaining 12 showed values greater than this— the highest being 
8.1 mg.%. 

We feel, therefore, that there is no strict proportion between the 
presence of visible jaundice and the degree of hyperbilirubinemia, 
although as would be expected a rough relationship is found and 
icterus neonatorum for the most part varies only in degree, with 
5 mg.% of total bilirubin the approximate threshold for visible 
jaundice. It should be pointed out that the discrepancies which 
exist are undoubtedly explained by the frequent difficulty in recog- 
nizing slight degrees of jaundice in the presence of racial variations 
of normal skin coloring and by the differences of opinion on the 
part of observers. Or, as Ross, Waugh and Malloy^^ suggest, it 
may be due to a variable affinity of certain tissues in individual 
infants for bile pigment. 

It is interesting to note that all children are apparently born with 
a quantity of total blood bilirubin which Avould be regarded as a 
hyperbilirubinemia in the adult. The cord blood of several prema- 
tures was observed to show a similar picture.' It seems probable, 
therefore, that a state of hyperbilirubinemia exists in the fetus at 
least through the latter months of gestation, and that this state is 
due to some factor other than the postnatal blood destruction. 
These cord blood values, howeyer, are low as compared with the 
hyperbilirubinemia which subsequently develops in the vast major- 
ity of the cases. 

Direct Bilirubin. We demonstrated a constant quantity of the 
direct diazo reacting bilirubin during the period studied. The cord 
blood averages of 51 infants was 0.51 mg.% with a dispersion of 
0.06 to 0.94 mg.%. On the second-day venous blood, the average 
of 48 cases was 0.51 mg.% (0.09 to 1.26 mg.%), while it was 0.46 
% (0.13 to 0.79 mg. %) for 47 cases on the fourth day, 0.51 mg. % 
(0.06 to 1.01 mg.%) for 41 infants on the sixth day, and 0.51 mg.% 
(0.16 to 0.86 mg.%) for 41 infants on the ninth day (see Table 1). 
It will be observed that the averages are approximately the same 
throughout the period for both groups. 

The presence of a direct bilirubin reaction in the blood of new- 
borns is contrary to the observations of previous investigators. 
This is undoubtedly attributable to the method employed, for, as 
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has been pointed out earlier, similar findings on the presence of a 
certain amount of direct bilirubin in the blood of normal adults 
were observed by Malloy and Evelyn. It is apparent from the 
above data that while there is a marked difference in the quantity 
of total bilirubin for each day studied and that these amounts are 
to a certain degree proportional to the presence of clinical jaundice, 
there is an almost constant amount of direct bilirubin at all times. 
As a matter of fact, this quantity is much more constant than a 
glance at the dispersion figures indicates. A survey of the individual 
cases shows that by far the majority of the infants maintain a value 
of about 0.5 mg. % during the entire period. In the occasional cases 
where higher or lower values were recorded, these levels likewise 
tend to be maintained. It is noteworthy that this constant figure 
for direct bilirubin in the newborn is distinctly higher than that 
met with in the normal adult using the same technique. The 
changes in hyperbilirubinemia are therefore due to variations in the 
amount of the indirect bilirubin. The findings would all seem to 
suggest the view that the amount of total bilirubin which has been 
transformed so as to give the direct reaction is dependent upon the 
presence in the blood of some substance which is comparatively 
constant and relatively higher in the newborn infant. 


Table 2.— Comparison op Total and Direct Blood Bilirdbin, Hemoglobin, 
Volume of Packed Red Cells, and Index of Fragility Averages Between 
All Cases During the Period Studied. (Number of Cases Averaged Per 
Day Are Indicated in. Parentheses.) 



Total 

bilirubin, 

Direct 

bilirubin. 

Hemoglobin, 

Vol. of packed 
red cells, 

Index of 

Day. 

mg. %., 

rag. %• 

gm./lOO cc. 

%. 

fragility. 

Cord blood 

. 1.35 

0.51 

15.36 

51.3 

400 


(53) 

(51) 

(52) 

(51) 

(52) 

2d day 

. 3.17 

0.51 

15.49 

49.5 

346 


(48) 

(48) 

(45) 

(45) 

(45) 

4th day 

. 6.27 

0.46 

15.46 

48.7 

328 


(47) 

•(47) 

. (46) 

(46) 

(46) 

6th day 

. 4.21 

0.51 

14.93 

46.8 

337 


(41) 

(41) 

(39) 

(39) 

(39) 

9th day . 

. 3.10 

0.51 

14.70 

45.9 

356 


(41) 

(41) 

(39) 

(39) 

(37) 


Relation of Total and Direct Bilirvbm to Hemoglobin, Vohme of 
Packed Red Cells and Fragility of the Erythrocytes. In Table 2, a 
comparative study is presented between the atmrage tmlues for 
direct and total bilirubin, and the findings on hemoglobin, volume 
of packed red cells, and fragility of the erythrocytes previously 
reported by us in Part I of this study It will be observed at 
once that the total bilirubin values rise to the fourth day after which 
they fall, while there is a steady decrease after the second day in 
the averages for hemoglobin and volume of packed red cells. Further, 
the total bilirubin is highest at the time when the resistance of the 
red cells, as determined by the fragility index, is greatest. Similar 
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observations were made on the infants with and without jaundice 
(see Table 1). 

It is apparent, therefore, from the above that hyperbilirubinemia 
decreases steadily after the fourth day in spite of the fact that there 
is a continued blood destruction as evidenced by the fall in hemo- 
globin and volume of packed red cells. It is interesting to observe 
that as the bilirubin concentration rises, the hemolytic index falls 
(increased resistance) and conversely, that as the bilirubin falls the 
index rises. While this might suggest that a change in resistance 
of the red cells is dependent upon the degree of bilirubinemia, a 
day-to-day comparison of the variations in the index with the 
degree of hyperbilirubinemia between icteric and non-icteric infants 
makes it obvious that no such relation exists. Thus we found on 
the second-day venous bloods of icteric infants that there was a 
greater increased resistance and a greater bilirubinemia, while on 
and after the fourth day the icteric group showed a lessened increased 
resistance though a still greater bilirubinemia than did the non- 
icteric infants. 

Relation of Hyperbilirubinemia to Blood Destruction. In order 
to study in detail the relationship between blood destruction and 
the degree of hyperbilirubinemia, we calculated the fall in hemo- 
globin for each individual infant during the 9-day study and plotted 
it against the maximum bilirubin concentration for that infant. 
Chart 1 indicates that we were unable to demonstrate any relation- 
ship between the extent of hemoglobin reduction and the rise in 
bilirubin. The chart further shows there is no difference in this 
respect between the icteric and non-icteric infants. A similar chart, 
not reproduced here, giving the reduction in volume of packed red 
cells instead of hemoglobin, likewise failed to indicate any direct 
relationship between the amount of blood destruction and biliru- 
binemia. 

We then constructed scatter charts for each day studied in which 
the changes in hemoglobin and volume of packed red cells were 
compared with the amount of total bilirubin on that day. Of these 
eharts, which present an essentially similar picture, that for hemo- 
globin on the fourth day (Chart 2) only is reproduced here, and it 
will be found that no relationship exists between the fall in hemo- 
globin which has occurred since the cord blood determination and 
the inerease in blood bilirubin over the same period. 

Furthermore, an attempt was made to demonstrate, if possible, 
any relationship between the original height of the hemoglobin and 
the bilirubinemia. For this purpose, the 10 infants having the 
highest cord blood hemoglobins were compared with the 10 infants 
with the lowest values. The average fall in hemoglobin in 9 days 
for the first groups was 1.4 gm., while the average fall for the second 
group was 0.16 gm. Notwithstanding the marked difference in 
amount of blood destruction indicated between the two groups, the 
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average maximum bilirubin of the group with the high initial 
hemoglobin was 4.59 mg. %, while the average maximum bilirubin 
for the groups Avith the low initial hemoglobin was 4.08 mg. %. As 
will be appreciated, this is a negligible difference and again indicates 
no relationship betAveen the amount of blood destruction and the 
degree of bilirubinemia present. A similar finding was obtained 
using volume of packed red cells instead of hemoglobin. 


Hemoglobin, 
gm./lOO cc. 



Bilirubin, mg, %, 


Chart 1. — Relationship between the total individual changes in hemoglobin at 
the end of the 9 days and the greatest total bilirubin concentration during this period. 
In this and subsequent charts, icteric infants are indicated with a cross; non-icteric 
with a dot. 

HaAung failed to demonstrate any relationship betAveen the 
reduction of hemoglobin and volume of packed red cells and the 
hyperbilirubinemia, AA'e then took up the question of the hemolytic 
index for fragility of the red cells to demonstrate Avhether there was 
any indication that an infant haA'ing a high index of fragility showed 
a greater bilirubinemia. We plotted in a scatter chart the total 
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bilirubin on the day it was greatest against the index of hemolysis 
at that time. This is shown in Chart 3, and it will be observed that 
no relationship was found to exist either for the icteric or non-icteric 
infants or the group as a whole. 

During the course of our study on normal infants, determinations 
on several cases of erythroblastosis were carried out. The series is, 
of course, too small for definite conclusions but the findings are 
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Chart 2. — Relationship between the individual changes in hemoglobin by the fourth 
day and the total bilirubin rise for the same period. 

interesting and seemed worthy of recording here. In these cases 
the total bilirubin on one cord blood was 3.9 mg.%, one second-day 
blood was 9.64 mg.%, one third-day blood was 19.4 mg.%, three 
fourth-day bloods were 18.2, 20.3 and 24 mg.%, and one sixth-day 
blood was 18.5 mg. %. The direct bilirubin determination for one 
cord blood was 0.63 mg. %, one second-day blood was 0.65 mg. %, 
one third-day blood was 1.44 mg.%, three fourth-day bloods were 
0.58, 3.12, 3.04 mg.%, and one sixth-day blood was 0.95 mg.%. 
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It is noteworthy in contrast to the normal infants that children 
with erythroblastosis are born with a higher total bilirubin but 
similar direct bilirubinemia. This is in agreement with the clinical 
evidence that jaundice in these cases is often noted at birth. The 
total bilirubin then rises rapidly to a much higher figure than met 
with in the icteric group of normal infants. Moreover, by the third 
day, the direct bilirubin shows a distinct rise in contrast to the 
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Chabt 3. — Relationship between the highest individual total bilirubin observed and 
the index of hemolysis at that time. 


constant figures for the normal infants. This is possibly referable 
to biliary thrombi often reported in these cases.^® In Part I of 
this study we noted in erythroblastosis a distinctly high hemolytic 
index (increased fragility) for the red cells, and a marked progressive 
anemia. These infants alone of all those studied showed an increased 
fragility. There is, therefore, every indication that in this condi- 
tion we are dealing with a hemolytic form of anemia and by no 
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means, as some have suggested, simply with an icterus neonatorum 
of unusually severe degree. 

Summary. Our results on 250 bilirubin determinations on new- 
born infants during the first 9 da 3 ''s of life demonstrate a state of 
hj'perbilirubinemia at birth which increases during the first 4 days, 
then falls toward normal. Thirty per cent of our cases developed 
icterus neonatorum. When we compared the presence of clinical 
icterus with the degree of hyperbilirubinemia, it was found that in 
a general way icterus was reported when the level of total bilirubin 
reached 5 mg. % or more. There were cases, however, where icterus 
was reported with lower blood values, as well as cases where icterus 
was apparently absent with figures above this level. It would 
appear all newborn infants are reacting similarly to the readjust- 
ments of postnatal life whether they develop clinical jaundice or not. 

We have attempted with the material at our disposal to determine 
the existence of any relationship between the amount of blood 
destruction taking place during the first few days of life and the 
degree of hyperbilirubinemia and the development of icterus neo- 
natorum. For this purpose we have shown: (1) that there is a 
continuous fall in hemoglobin and volume of packed red cells 
throughout the period studied, while the bilirubinemia reaches it 
greatest level on or about the fourth day and then declines toward 
normal; (2) that no relationship exists either between the individual 
total fall in hemoglobin and volume of packed red cells and the 
amount of bilirubinemia during the 9 days studied or between the 
changes in hemoglobin and volume of packed red cells and the total 
bilirubin concentration on any particular day; (3) that there is no 
relationship between the original height of the hemoglobin and the 
volume of packed red cells, and the development of hyperbilirubin- 
emia. Further, as was noted in Part I of this study, no correlation 
could be demonstrated between the original height or subsequent 
changes in the individual values for hemoglobin and packed red 
cells and the appearance of clinical jaundice. (4) We have clearly 
shown the resistance of the erythrocytes to be increased during the 
period studied, and that variations in the index of hemolysis in 
normal infants have no effect upon the degree of hyperbilirubinemia 
which develops. (5) In our various studies on the relationship of 
blood destruction and fragility of the erythrocytes to the degree of 
bilirubinemia, no significant differences could be found to exist 
between the icteric and the non-icteric infants. These findings all 
refute the conclusions of those who have supported the hypothesis 
that the development of icterus neonatorum is dependent upon the 
amount of blood destruction or the presence of an abnormal hemo- 
lytic condition in the blood at the time of birth. It is, of course, 
quite apparent that the presence of an increased blood destruction 
allows for the production of a large amount of bilirubin in a com- 
paratively short time and makes possible the development of an 
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excessive amount of blood bilirubin. Howe^'er, neither the height 
of the bilirubinemia nor the consequent development of icterus 
neonatorum bears any direct relation to the amount of blood destruc- 
tion in the individual case. 

There is nothing in our findings which contradicts the views 
of those who explain the development of jaundice on the basis of 
variations in the ability of the liver cells to excrete the excessive 
bilirubin transported to them at this time. While our observations 
do not prove the hepatogenic theory, their lack of any contradiction 
offers strong support for it, especially when taken into consideration 
with the literature briefly reviewed earlier. We are, therefore, of 
the view that h;^q}erbilirubinemia in general and icterus neonatorum 
in particular are made possible by the increased blood destruction 
which is obviouslj'^ taking place during the first few -days of life, 
but, that whether the infant develops a sufficient bilirubinemia to 
exhibit clinical icterus is dependent upon the functional ability of 
the liver cells to excrete it. 

The methods employed have allowed for a quantitative analysis 
of the amount of bilirubin giving the direct and indirect reactions. 
It has been demonstrated that the hj'perbilirubinemia in the normal 
infant during this period, whether it reaches a lei’^el sufiicient to 
produce icterus or not, is due entirely to a rise in the indirect 
bilirubin, while the direct bilirubin maintains an extraordinarily 
constant level. 

In the few cases of hemolytic anemia of the newborn (erythro- 
blastosis) which came under our observation, it was demonstrated 
that these infants are born with a hyperbilirubinemia which reaches 
a much higher figure than in the normal infant, whether jaundiced 
or not. Moreover, while the direct bilirubin was not increased as 
compared with the normal infant at birth, it likewise tended later 
to rise, suggesting the development in these cases of an associated 
obstructive factor. At the same time it was observed that these 
cases showed an increased fragility of the red cells and a severe 
anemia as compared with the normal infants. This we believe is 
indicative of a different process from that which is taking place in 
icterus neonatorum. 
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THE DOUBLE QUOTIDIAN TEMPERATURE CURVE OF 
GONOCOCCAL ENDOCARDITIS. A DIAGNOSTIC AID. 

By Palmer Howard Futcher, M.D., 

assistant resident physician, the JOHNS HOPKINS HOSPITAL; ASSISTANT IN MEDI- 
CINE, THE JOHNS HOPKINS SCHOOL OF MEDICINE, BALTIMORE, MD. 

(From the Medical Clinic, the School of Medicine, Johns Hopkins Hospital and 

University.) 

In his monograph on septicemia, Lenhartz'^“ described the usually 
constantly elevated, weakly remitting temperature curves of 
staphylococcal and pneumococcal bacteremia, the irregularly inter- 
mittent curves of streptococcal and colon bacillus bacteremias, and 
the . somewhat similar, high, intermittent fever accompanied by 
frequent shaking chills seen in gonococcal sepsis. Other authors 
have been struck by the highly regular, often quotidian variations 
in the fever of gonococcemia,^-® and the temperature curves seen in 
gonococcal endocarditis have been subdivided into those: a, con- 
tinuous with remissions; b, essentially intermittent; and, c, inter- 
mittent and remittent.^®d 2 ’While it is thus general knowledge 
that, as a rule, in gonococcal endocarditis the oscillations in the 
fever through the 24 hours are greater and at the same time often 
more uniform from day to day than in other forms of bacterial 
endocarditis, there is no general recognition of one particular form 
of temperature curve which would seem relatively specific for 
gonococcal endocarditis. This special temperature curve is the 
subject of this paper. 

Horder,® in 1909, writing on general aspects of bacterial endo- 
carditis, presented temperature charts of 2 patients stated to have 
gonococcal endocarditis; each chart showed ttvo peaks of tempera- 
ture each day, one in the morning and one in the evening, for a 
period of several days, with a rapid fall to normal or subnormal 
levels following each peak. He also referred to a somewhat similar 
chart of a case reported by other authors- and stated that double 
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cultures made during life were positive for the gonococcus; in 
2 others there were positive cultures from the endocardial vegetation 
after death; and in the remaining 8 cases. Gram-negative diplococci 
were found in the smears made from the vegetations, though they 
could not be cultivated. Of the 2 cases not autopsied, 1 had a 
blood culture positive for the gonococcus before death, postmortem 
examination being refused; another patient, whose blood culture 
was also positive, recovered from her illness.^ All of these 24 
patients were in the hospital for 6 days or longer; we did not examine 
the records of several other patients who were on the wards for 
only 1 to 3 days, since the temperature charts on these patients 
were too brief to be evaluated. 

Ten of the 24 charts showed the double peaks for a period of 
from 5 to 22 consecutive days, averaging 10 days. An eleventh 
chart had shown the double peaks for one day when, on the second 
day following admission, the patient was treated with sulphanila- 
mide with a consequent modification of the temperature curve. 
Thus 11 of the 24 patients (46%) showed the double peaks. 

The prototype of these 11 patients is one who, at 6 A.M., has a 
shaking chill lasting a few minutes followed by a rise in rectal 
temperature from an initial level at 4 a.m. of 98° to 105° at 8 A.M., 
with subsequent sweating and a precipitous fall to 98° at 4 p.m. 
Then follows repetition of the chill and the rest of the episode at 
6 P.M., and the temperature returns to 98° by 4 a.m. of the next day 
only to renew the 12-hour cycle. There was moderate variation 
in the timing of the episodes from day to day in the same patient. 
Thus the chill may come at 8 o’clock instead of 6 o’clock; 1 patient 
temporarily had peaks at noon and midnight, the fever subse- 
quently returning to the more common morning and late afternoon 
elevations. For a period of several days the interval occupied by 
the cycles may be 10 or even 8 hours, with two and a half to three 
cycles a day. It is very common for an occasional cycle in the 
series to be abortive, or for one cycle to last longer than the usual 
12 hours, so that there may be only one peak during the course of 
24 hours, with reversion to the 12-hour cycle the next day. Thus 
in our series of 11 cases a total of 184 peaks were observed in 103 
days. The chills also may vary markedly in intensity from day 
to day. Usually the fever is intermittent, falling below 98.6°, and 
not infrequently to 97° or 96°, after the fastigium. In 1 patient, 
however, the fever was constantly sustained, with the superimposed 
double quotidian variation producing a regularly remittent char- 
acter. These cycles we describe are not due to the administration 
of antipjTetics, which were witlilield in most of the cases. They 
were best demonstrated by taking the patient’s temperature every 
2 hours. Some patients were prostrated by their disease; others 
suffered it with a remarkable temporary appearance of well-being. 

It should be emphasized that the charts described did not show 
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the double-peaked temperature curve during the Avhole period that 
the patient was observed, or eA-en during the majority of it. Usualty 
a patient Avith a previousty intermittent curve lapsed temporarily 
into the 12-hour cycles for a period of 1 to 3 weeks, the curve sub- 
sequently becoming irregular again. Only 2 moribund patients ran 
the cycle Avith any regularity; a tendency to flattening and lowering 
of the temperature curve terminally in endocarditis has already 
been commented on by Horder^ and Thayer.^* The cycles Avere 
commonly present at any time from early in the disease until the 
last week. On more than one occasion a patient at the time of 
admission related that he had been subject to 2 chills daily since 
his symptoms had begun. All of the 4 patients Avith gonococcal 
endocarditis AA'hich haA’e been treated Avith sulphanilamide at this 
hospital AA’^ere running the double quotidian fever when the drug was 
first administered; the double peak disappeared Avithin 48 hours, 
and there Avas subsequent loAA'ering of the temperature curA^e in all 
of them. The phenomenon therefore Avill probably not be obserA’^ed 
in patients receiving sulphanilamide. 

The occurrence of the usual 12-hour cycles could not he cor- 
related Avith any particular vah^e involved by the gonococcal A’^ege- 
tation; the pulmonic, mitral or aortic valves Avere involved in our 
11 patients Avith no significantly predominant site. There Avas no 
correlation with the duration of the course of the disease or Avith 
the stage of the illness at which the patient Avas observed, ' saA’-e 
that, as already noted, the cycles Avere uncommon in the last Aveek 
of life. 

In the patients Avho neA'er shoAved the cycles, or in those who were 
not shoAving them for the time being, the feA’er Avas usually high 
and intermittent, often with a regular 24-hour cycle and diurnal 
A’^ariations from 5° to 7°; slightly less commonly the feA^er was 
remittent, and frequently the curve was intermittent at one period 
of the disease and remittent at another. 

The charts of 3 patients with gonococcal septicemia uncompli- 
cated by endocarditis were examined. None of the 3 showed sus- 
tained double peaks, although 2 of them showed an irregular, double 
quotidian curve for 48 hours. 

A small series of 13 charts of patients who had been demonstrated 
at autopsy to have an endocarditis due to the beta hemoljdic strep- 
tococcus was examined; the patients had died before the adA’ent of 
sulphanilamide and hence their course was uninfluenced by that 
drug. It was thought that, since hemolytic streptococcal septi- 
cemia often produced high, intermittent feA^er, the double peak 
phenomenon might also be present in that tjqDe of endocarditis. 
Two of the 13 charts did show a suggestion of double quotidian 
feA’er, but in these 2 cases the curve was remittent rather than 
intermittent, the swings were of only 1° or 2°, and the cycle was 
ncA^er consecutiA-ely repeated for more than 48 hours. Thus neither 
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these charts, nor those of streptococcal septicemia presented by 
Lenhartz,'^"- were really similar to those of gonococcal endocarditis 
which we have described above. Recently there came to autopsy 
2 patients who for 3 and 7 days respectively ran remittent fevers 
with irregular double peaks. One patient had an anaerobic gamma 
hemolytic streptococcal septicemia secondary to an infected abortion, 
and the other a pylephlebitis due to a staphylococcus and an un- 
identified Gram-negative bacillus. 

The explanation for the 12-hour febrile cycle in gonococcal endo- 
carditis is not apparent to us. We merely emphasize the phenome- 
non as a valuable aid to diagnosis in those cases in which it occurs, 
feeling that it deserves somewhat more prominence than is assigned 
to it in the papers already cited. 

Summary. A study of the temperature charts of 24 patients 
suffering from gonococcal endocarditis showed that in 11 there was 
a striking double quotidian variation in fever lasting over a period 
of from 5 to 22 days. 
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ROLE OF THE "STATIC BLOOD PRESSURE” IN ABNORMAL 
INCREMENTS OF VENOUS PRESSURE, ESPECIALLY 
IN HEART FAILURE. 

I. Theoretical Studies on an Improved Circulation Schema 
Whose Pumps Obey Starling’s Law of the Heart. 

By Isaac Starr, M.D., 

HARTZELL PROFESSOR OF RESEARCH THERAPEUTICS, 

AND 

Arthltr j. Rawson, M.E., 

ASSOCIATE IN MEDICAE PHYSICS, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 

Generalized congestion of the veins has always been a symptom 
on which clinicians have laid much stress. Occurring so often late 
in the course of chronic cardiac disease, it has generally been inter- 
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preted as indicating incompetence of the heart muscle. The idea 
that “back pressure” caused venous congestion when the heart 
weakened followed the recognition of mitral stenosis. The analogy 
between venous congestion and the effect of a dam on a stream of 
water was put forward at that time.® 

The experimental era dates from Cohnheim,® who injected fluid 
into the pericardium of dogs to handicap the heart. In these experi- 
ments the venous pressure rose and so this venous congestion was 
attributed to cardiac weakness. However, the arterial pressure 
fell in Cohnheim’s experiment; that this did not occur in clinical 
congestive heart failure was unknown to this author for it was not 
discovered until 1905. Therefore these experiments did not pro- 
duce a condition analogous to clinical congestive heart failure, as 
was then believed. Analogies between clinical congestion failure 
and the behavior of a simple circulation schema were emphasized 
by Starling as early as 1897.i®“ 

Because of these and manj^ other obsero'ations a view of the mech- 
anism of congestive failure was evolved which was so widely accepted 
by clinicians that we shall call it the classic view.^®“ It may be sum- 
marized as follows. The primarj’’ cause is believed to be weakness 
of the heart muscle. Compensated for a time by hj’^pertrophy and 
dilatation, eventually increasing weakness results in a diminished 
cardiac output which initiates two trains of events. First, as a 
metabolic consequence of the sloov circulation, the oxygen supply 
to the body’s tissues is reduced, their normal metabolism is inter- 
fered with, and a characteristic train of symptoms results. Second, 
as a mechanical consequence of the diminished circulation, blood 
accumulates in the veins, produces passive congestion of organs, 
raises the venous pressure, and so leads to another familiar train of 
symptoms. This view was generally accepted before measurement 
of cardiac output was possible. 

The results of estimations of cardiac output in congestive failure 
have led some authors to question the correctness of the classic 
viev'point.’ All agree that the average cardiac output found in 
congestive failure is smaller than the average found in normal per- 
sons. But when the results obtained in individual cases are consid- 
ered there is evidence that many cases of congestive failure have a 
higher cardiac output than many persons without this complication, 
that the severity of the symptoms has no invariable relation to the 
output, and that improvement is not always accompanied by increase 
in output. So certain authors believe that reduced cardiac output 
is no essential part of congestive heart failure.^ 

In the face of these facts several courses are open to students of 
the subject. The classic view maj”^ still be supported.^’^ The aver- 
ages of all the cardiac output results, and the results obtained in 
some patients, are consistent with this view. The discordant results 
are only found in some individuals and, as cardiac output methods 
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are not highly accurate, ehance accumulation of errors would ac- 
count for some of the discrepancies.® Although the most careful 
experimenters have employed special precautions to safeguard their 
results, the extra difficulties inherent in estimating cardiac output 
when the lungs are congested are generally recognized. We are 
aware of a number of investigators who, after attempting to esti- 
mate cardiac output in congestive failure, decided that it could not 
be done with enough accuracy to make the effort worth while. 

Other authors, accepting the cardiac output results as inconsistent 
with the classic view, have modified their ideas of the mechanism of 
congestive failure. Thus Altschule^ points out that the cases of 
congestive failure with normal cardiac outputs have abnormally 
high metabolic rates. He believes that congestive failure occurs 
because the supply of oxygen and other metabolites is insufficient 
to meet the tissue demand, not because cardiac output diminishes 
below a certain level. This concept reconciles the cardiac output 
results with one part of the classic viewpoint, but it throws no light 
on the mechanism of the venous congestion in this condition. Accord- 
ing to Harrison’s view,’ venous congestion with a normal cardiac 
output may be attributed to a weakness of one side of the heart 
relative to the other, the blood accumulating before the weaker 
heart. McMichaefi® thinks of the congestive phenomena as being 
a mechanism by which the body compensates for cardiac weakness, 
not as a mechanical consequence of a diminished circulation. ■ 

Our interest began with the discovery that certain patients with 
small hearts had abnormally small cardiac outputs relative to the 
size of their bodies.^® According to the classic view one would have 
expected venous congestion. But none was present, and in the 5 
years that have elapsed none has developed in the cases followed. 
This observation indicated clearly that venous congestion was no 
necessary mechanical consequence of a diminished circulation, and 
led to a decision to investigate the other factors which might bring 
it about. 

Reviewing the literature we found the view that venous conges- 
tion was directly caused by cardiac Aveakness to be supported by 
mechanical analogies of a very crude sort, like the effect of a dam 
on a flowing stream and the behavior of circulation schemata with 
mechanical pumps which, unlike the heart, sucked fluid from the 
“veins.” The failure to reproduce this feature prevented any ade- 
quate simulation of the double mammalian circulation with two 
pumps. 

Our plan was to construct a circulation schema which behaved in 
a more physiological manner than its many predecessors; and, having 
ascertained the causes of venous congestion when one or both sides 
of its “heart’’ were weakened, to undertake a similar analysis in 
the clinic which, we hoped, might throw light on some of the per- 
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plexing problems of "congestive heart failure.” Preliminary reports 
on this work have already been published.^^-^^ 

Accordingly we constructed a two circuit schema whose pumps 
obeyed Starling’s “Law of the Heart,” and its behavior made us 
see the problems of venous congestion in a new light. This experi- 
ence forms the subject of this paper. In a second paper the clinical 
research, suggested by the behavior of our schema, is recorded. 


PINCH COCK-. PULMONARY ORCULATION 


LOW METER 



Fig. 1. — General. Arrangement op Schema. Arterial portions, made from 
thick walled rubber pressure tubing, are shown by heavy lines. Venous portions, 
made from very flexible drainage tubing, are shomi by light lines. Capillary beds 
are made from large Gouch tubing, filled with glass beads. Manometers are connected 
through short lengths of glass capillary (not shown) to damp oscillations. The flow 
meter is a thin plate inserted in a short length of metal tube. The diameter of the 
orifice in the plate is approximately one-half the inside diameter of the tube. Pressure 
taps immediately above and below the plate lead to a sloping tube manometer. 


Apparatus. The schema has about one-tenth the “blood volume” and 
“cardiac output” of a normal man. The “heart" rate can be varied from 
50 to 150 per minute. 

The plan and details of construction can be seen from Figures 1 and 2. 
The cams were designed from data in Wiggers’ book,^® and, although the 
cam follower did not always follow the cam at high speeds, optical records 
showed that the arterial pressure curves approximated those obtained in 
experiments on animals. 
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Excursion of the mercury manometers was damped by the use of short 
lengths of 1 nun. bore glass tubing, as only mean pressures concerned us. 

At first, in order to mimic blood viscosity, the system was fiUed with 30 % 
sugar solution (sp. gr. = 1.127). In the later experiments, water was used 
without any noteworthy change in results. 
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Fig. 2. — Mechanical Akrangement of Heart Chambers. A i H. P. shunt 
motor (Janette Mfg. Co., Chicago, 111., Type l-DS-16) with two built-in 16 to 1 
reduction gears, drives four cams, one for each chamber. The motor speed is con- 
trolled by field and armatiue rheostats. 

A. Heart chamber is contracted by spring pulling plunger towards anvil. Heart 
chamber is relaxed by cam acting through cam follower and rider. Moving rider 
along cam follower varies length of stroke of plunger. Heart chamber is shown re- 
laxed and only partly filled, as occurs with low venous pressure. 

B. Heart chamber contracted. 

C . Heart chamber relaxed and completely filled as occurs with high venous pressure. 

D. Detail of valve. Soft rubber disk seats against perforated metal disk. 


The flow meter was cahbrated by opening the system and allovnng the 
pumps to pump from a reservoir into a container. The differential manom- 
eter could be read to 1 nun., the arms ha^dng a difference of 4 cm. at the 
highest flows used. At low flows a considerable error was involved, some 
of the points obtained detdating from the ideal calibration curve by 10%. 

“Heart” work has been approximated by the formula: work = flow X 
pressure, the figure employed for pressure being the difference between the 
mean pressures of the damped arterial and venous manometers. Thus the 
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velocity factor and the component of work utilized vithin the heart were 
not estimated. p _ , 

Resistances were calculated from the formula R = - • 

Before each experiment the resistances were adjusted to give ph 3 '-siological 
pressures tliroughout the system and the ventricular springs were set so 
that the work of the right “heart” equaled about one-third that of the left. 

Experimental. The Properties of the Schema. Starling’s ex-peri- 
ments” involving the measurement of tlie heart’s work and volume 
could not be duplicated on our schema due to dijSiculties in measure- 
ment of the "heart’s” volume. Therefore we contented ourselves 
wdth measuring the relation between "venous” filling pressure and 
the "heart’s” work. It seems obvious that the "heart’s” volume 
would be dependent on filling pressure at any constant heart rate. 
Figure 3 shows the results. 



Fig. 3. — Curves illustrating the relationships between filling pressure and work 
in. the pumps of our schema. In R.V.2 cardiac failure has been simulated by weaken- 
ing the spring. The other curves show the response to increased filling when strength 
is intact. 


The simulation of Starling’s "Law of the Heart”^^'’ is brought 
about by the schema as follows: As the “heart” fills, the band tubing 
changes its shape; flattened when emptj'-, it becomes more cylindrical 
as it is filled. Dming "systole” the spring’s force is exerted partly 
on the fluid and partly against the cam. The fuller the "heart,” 
the greater is the proportion of the spring’s force expended on driving 
the fluid, and the less the proportion lost in pressing against, the cam. 
So increased filling leads to a greater output of work by the pump. 

If the spring is weakened beyond a certain point, all its po\ver is 
applied to the fluid and none to the cam. Under these conditions 
increased filling no longer causes increased work, an analog}’ to' wdiat 
is found in physiologic heart failure.” Curve Il.V.2 (Fig. 3) illus- 
trated this point. 
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The Definition and Measurement of Static Blood Pressures. Our 
studies emphasize the great importance of the pressure existing 
throughout the “vascular” system when the pumps are stopped. 
This static pressure is named the mean systemic pressure in Starling’s 
textbook.^®' The term is introduced in a discussion of a simple 
schema with a single pump. Applied to our schema, or to the mam- 
malian circulation, the term chosen by Starling is confusing as it 
suggests the mean of the arterial, capillary, and venous pressures 
in the systemic circulation during heart action. Therefore we pro- 
pose to avoid a term so likely to be misunderstood and to call this 
property of any fluid system, the pressure which persists throughout 
the entire circulation after cardiac action has stopped, the general 
static -pressure.* 


Table 1. — The Effect of Weakening One or Both Sides of the Schema’s 

“Heart.” 



Static pressures 
measured with 
circulation 
stopped. 

Pressures measured 
during circulation. 


Heart 

work. 




All 

vessels 
j open. 

Great 

veins 

clamped. 

Systemic 

Pulmon- 

ary. 



Remarks. 

Exp. No. 

General statib 
pressure 
(mm. Hg)* 

Systemic pressure 
(mm. Hg). 

Pulmonary pressure 
(mm. Hg). 

Arterial 
(mm. Hg). 

Venous 
(mm. Hg). 

Arterial 
(mm. Hg). 

Venous 
(mm. Hg). 

Cardiac output 
(cc/min.) 

Left (gm. meters 
per min.). 

Right (gm. meters 
per min.). 

Heart rate 
(per min.). 


13 

11 

15 

95 

5 

26 

8 


203 

49 

90 

Initial readings 


13 

12 

16 

65 

8 

21 

9 

120 

92 

21 

90 

Both hearts weakened 


13 

12 

16 

j 

95 

6 

24 

12 

87 

98 

21 

90 

Systemic resistance in- 
creased by tightening 
screw clamps 

D 

34 

31 

40 

93 

27 

49 

34 

172 

138 

51 

90 

Clamps as in A and B. 
Fluid added to circula- 
tion 


13 

13 

18 


7 


13 

198 

152 

46 

72 

Initial readings 


13 

14 

10 


12 


6 

122 

98 

3 

72 

Right ventricle out 


27 

30 

22 


27 


14 

158 

196 


72 

Fluid added 

3A 

13 

12 

20 

79 

8 

32 

10 

174 ^ 

163 

57 

90 

Initial readings 

B 

13 

11 

21 

45 

5 

35 

19 

100 

35 

41 

90 

Left ventricle weakened 


The general static pressure was always measured with the “heart” 
stopped in both “systole” and “diastole” ; the figures given in Table 1 
are the averages of the values obtained. Care was always necessary 
to ascertain whether any manipulation of the schema, such as weak- 
ening a “heart” or changing a resistance, altered the static pressures. 

* In a preliminary report we called this pressure the “non-cardiac pressure.” We 
later found that the term “static pressure” had been employed previously by Bolton. 
The use of the older term seems preferable to the introduction of a new one. 
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If such alteration was found it was corrected by adding or with- 
drawing small amounts of fluid from the system. 

In some experiments we studied the volume of fluid and the static 
pressures in both the “systemic” and “pulmonary” circuits. With 
the circulation flowing, hemostats were placed simultaneously on 
both great “veins,” and then the pumps were stopped immediately. 
This maneuver was repeated at least four times to guard against 
occasional failure to obstruct the “veins” simultaneously. After 
equilibrium within each circuit had occurred, pressures were measured 
with the “hearts” stationary in both sj'stole and diastole, the 
averages giving the “inilmonary” and the “systemic” static pressures 
respectively. 

Results and Discussion. The results of certain important experi- 
ments have been recorded in Tables 1 and 2. 

Effect of Weakening One Side of the Heart. As soon as one "heart” 
is substantially weakened the other “heart” is not filled so full and 
accordingly, although its strength is intact, the work it performs on 
the circulation is reduced. The magnitude of this effect depends on 
the general static blood pressure. Thus, if this pressure is low, weak- 
ening the right “heart” has a far greater effect on the left "lieart's” 
work than if this pressure is high (Table 2). 

Table 2. — Effect of Complete Failure of “Right Ventricle” at Different 
Levels of General Static Blood Pressure. 

(Ratio of "right heart” to “left heart” work before failure = i:2.3 in each exp.) 


General static blood pressure 

“Cardiac output” after failure 
of R. V. in % of its value 

Left "heart" work after 
faihire of II. V. in % of its 

(nun. Hg). 

while R. V. was normal. 

value when R. V. was normal. 

7 

42.6 

22 

13 

55 

65 

21 

60 

68 


Increased Static Blood Press^ire as a Means of Co^npensation for 
Heart Failure. If fluid is added to the circulation, the static pres- 
sure is increased, and cardiac output and work increase also. In 
this respect the schema behaves like the closed circuit heart-lung 
preparation of Daly.® In the same manner increased static pressure 
can partly or completely compensate for weakness of one or both 
sides of the “heart.” Table 1 gives t;)’pical examples of these effects. 
But it should be pointed out that while the diminution of flow result- 
ing from complete failure of the weaker right "heart” can be restored 
by an increased static pressure, onlj' partial failure of the stronger 
left “heart” can be compensated by this means. 

Hydraulic Principles Concerned in Faihire of the Circulation. The 
behavior of a simple schema with tubes of uniform elasticity and a 
single pump is well described by Starling.^®”’' With the pump at 
rest the general static pressure read from a manometer open to 
the air, indicates the terms of equilibrium with the environment. 
Start the pump, the internal pressure at one point remains at the 
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static pressure, fluid accumulates on the arterial and diminishes on 
the venous side of this point; and the pressure on the “arterial” 
side becomes higher, on the “venous” side lower than the static 
pressure. Slow the circulation and both “arterial” and “venous” 
pressures approach the static pressure as fluid leaves the arteries and 
accumulates in the veins. Thus weakening the heart causes an 
increase of “venous” pressure. 

Our sehema has two pumps, and two sides of the circulation, so 
additional factors enter into its behavior. Wlien the left “heart” 
is weakened, without altering the clamps controlling the resistance 
(Table 1, Exp. 3), fluid accumulates in the “pulmonary” side and 
diminishes in the “systemic” side. If the circulation is now stopped 
by the simultaneous clamping of both great “veins” as described 
on page 33, the static pressure is higher in the “pulmonary” than 
in the “systemic” side. Therefore the behavior of our schema is 
controlled by the principles deseribed by Starling for a simple 
schema, superimposed on its ability to shift fluid from one side to 
the other. 

Factors Concerned in Elevating the Venous Pressure. With these 
fundamental principles in mind, the hydraulic factors which control 
venous pressure may be analyzed by dividing them into three groups. 

Group 1 contains the factors which control the distribution of 
fluid between the arteries, capillaries and veins on each side. 

Group 2 contains factors which control the distribution of fluid 
between the systemic and pulmonary circuits. 

Groups 3 contains the factors which change general static blood 
pressure and so alter pressures all around the circulation, the change 
appearing most conspicuously where pressures are lowest, i. e., in 
the veins. Such an increase of venous pressure may be brought 
about by the introduction of fluid within the elastic vessels, by 
increased tension exerted by the vessel walls themselves as in wide- 
spread vasoconstriction, and by increasing the external pressure 
on the fluid-containing vessels as when edema stretches the skin. 
In our schema a given increment of static pressure causes a smaller 
increment of “venous” pressure. This is because the “heart” is 
stimulated as its filling pressure increases, the circulating is acceler- 
ated, and the factors of Group 1 antagonize those of Group 3. So 
the ability of the heart to respond affects the net result. 

If any increase of venous pressure found in the clinic, could be 
analyzed to find which of these factors predominated, much insight 
into its etiology and signifieance would be gained. In the paper which 
follows this we have attempted such an analysis and the results 
are to be found therein. But in the clinical literature a rise in venous 
pressure is frequently explained by other analogies and two must be 
described in detail as our schema demonstrates certain aspects of 
the hydraulics which have not always been fully appreciated. 
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The Davi and Sireavi Analogy. Following many examples in 
the older literature, Wenckebach^® likens the rise in venous pressure 
after cardiac weakness to the rise of pressure upstream from a dam 
constructed in a river. If one obstructs a river by building a dam, 
pressure upstream rises until the flow over the dam equals the inflow. 
The dam has no effect on the source of power upstream and so no 
lasting effect on the flow. 

The situation in our schema after partial obstruction of the “vena 
cava,” or after weakening the “heart,” is very different. As soon 
as such an obstruction is established the right “heart” does not fill 
so full, therefore its output is reduced and this affects the left “heart” 
similarly. Therefore, unlike the river and dam, both pressure and 
flow are affected. If the “vessels” are quite rigid there is a good 
rise of pressure above the obstruction although flow is reduced also. 
But if the “vessels” upstream from the point of obstruction are 
easily distensible, flow will be affected much and pressure little if 
at all. Under similar conditions profound weakening of the right 
“heart” will likewise have almost no effect on “venous” pressure. 
The dam and stream analogy gives a false impression of simplicity 
to a phj^siologic situation which is in reality much more complex. 

Back-pressure. An old clinical school of thought attributes the 
increased venous pressure of congestive heart failure to back-pres- 
sure from a weakened heart. The following example, a shortened 
form of that given by Harrison,^ gives the mechanism of the rise of 
venous pressure according to this viewpoint. The left ventricle 
is expelling 40 cc. per beat. It weakens and then expels only 39 cc. 
For a short period the inflow into the left ventricle will continue to 
be 40 cc., and so, for a time, it receives more blood than it expels 
and slowly becomes dilated. Wliile it is stretching, its internal 
diastolic pressure will rise, and, first the auricle, and finally the veins, 
will likewise receive more blood than is expelled from them, the pres- 
sure within them rising as their volume increases. This rising venous 
pressure increases the filling of the ventricle until its fibers, being 
more stretched, contract more stronglj'- according to Starling’s Law 
of the Heart. Therefore eventually tlie ventricle expels 40 cc. once 
more, as much as it receives. Equilibrium is now reestablished with 
the same cardiac output, the same arterial pressure, a larger dias- 
tolic heart size, and a higher venous pressure than before. 

In our schema we have tried to reproduce this sequence of events 
by weakening one or both sides of the heart, but entirely without 
success. Diminution of flow and arterial pressure always accompa- 
nied the rise of venous pressure after the heart had been weakened. 
Reflecting on this failure we were forced to the conclusion that, 
while we could not deny that the changes described in Harrison’s 
example might properly portray a train of events which may occur 
in clinical congestive failure, one could not regard cardiac weakness 
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as the direct mechanical cause of this train of events without invok- 
ing a mechanism inconsistent with the second law of thermodynamics. 
According to the examples cited, at the final equilibrium, the energy 
content of the circulation is higher than it was at the beginning; 
for venous pressure has risen and all else is the same as before. This 
increase in total energy cannot be the mechanical result of a tempor- 
ary decrease of the energy imparted to the system by the heart. 

Analysis of the Increased Venous Pressure When Congestive Heart 
Failure is Simulated in the Schema. When other factors were unaltered 
proportional weakening of both sides of the “heart” caused a rise of 
both “venous” pressures, a concomitant fall of both “arterial” 
pressures, and a diminished flow (Table 1). The pressure relations 
of congestive heart failure, increased systemic venous and normal 
systemic arterial pressure, cannot be reproduced by simply weakening 
the “heart” (Table 1, lA and B) and this picture must be brought 
about by another or at any rate an additional mechanism. To 
discover it we first weakened the “heart” and then attempted by 
three separate maneuvers to restore “systemic arterial” pressure 
and so to reproduce the pressure relationships found in clinical 
congestive failure. 

First, the pinchcocks on the “systemic” arteries were tightened. 
The “systemic arterial” pressure rose to normal, but “systemic 
venous” pressure fell back almost to its normal level, and flow was 
diminished still further (Table 1, IC). So, clinical heart failure was 
still not simulated. 

In a second attempt the “systemic” vessels were compressed from 
without over a considerable length. This maneuver increased 
“systemic” resistance as before and also, by forcing fluid into other 
parts of the system, raised the static pressure. Therefore, by suit- 
able adjustment, “systemic arterial” pressure and flow could be 
restored to normal. In this case “venous” pressure remained ele- 
vated, and the pressure relations simulated clinical heart failure. 

In a third attempt, additional fluid was added to the circulation. 
This also restored “cardiac output” and work, and “arterial” pres- 
sure to normal; and, as the static pressure was increased, the 
“venous” pressure remained elevated (Table 1, ID). The effect of 
this maneuver was to simulate not only the pressure relations of 
clinical congestive failure, and the normal cardiac output demanded 
by Harrison’s views,'^ but also the increased blood volume^ and the 
increased static pressure found in this condition. 

In our schema, to simulate the pressures found in clinical conges- 
tive heart failure, extracardiac forces which raise the static blood 
pressure are needed. 

Analysis of Certain Hydraxdic Factors Concerned With One-sided 
“Heart Failure.” Experiments 2 and 3, Table 1, show the effects 
which follow one-sided heart failure in the schema. 
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Although the transference of fluid from the “pulmonary” to the 
“systemic” side, or vice versa, may be very conspicuous after mechan- 
ically obstructing the flow, this effect is small after weakening the 
right side of the “heart.” There are two reasons for this: First, 
weakness of one “heart” always weakens the other also, so that 
the disproportion in strength is not as great as one would expect. 
Second, the volume of the “systemic” system is much larger than that 
of the “pulmonary” system. For this reason transference of a 
small percentage of the fluid in the “systemic” side to the “pul- 
monary” side affects the presssures in the smaller circuit profoundly, 
but a large percentage of the contents of the “pulmonary” circuit 
must be moved into the “systemic” side before much change in 
the “systemic” pressures occurs. 

Rdaiion of the Schema’s Behavior to Certain Clinical Conceptions 
of Cardiac Failure. Many authors^-'^ believe that, when a patient 
exhibits congestion of systemic veins, right-sided heart failure should 
be diagnosed. Similarly when the lungs are congested, the left heart 
is believed to be inadequate. Tliat these two conceptions were not 
physiologically identical has not been realized. 

The normal human lungs, with their capillary blood and a vari- 
able amount of their arterial and venous blood, weigh onlj'' about 
1000 gm. at autopsy. The heart and lungs of recently killed rabbits 
contain an average of 22.8% of the total blood volume. By dye 
injections in man, Hamilton, Moore, Kinsman, and Spurling® 
estimate the volume of blood between the antecubital veins and the 
brachial artery to be about 2 liters normally; an estimate which 
includes the blood in the heart, in the systemic great veins, and in 
the systemic arteries to the point of puncture, in addition to the 
blood circulating in the lungs. When 600 cc. or more of blood is 
transfused into the systemic veins of patients without heart disease, 
the extra blood is doubtless distributed throughout the vascular 
system. The large proportion remaining on the systemic side causes 
no increase of venous pressure at all comparable with that found in 
congestive failure. Therefore we find it hard to believe that much of 
the increase of systemic venous pressure in congestive heart failure 
can be attributed to the transference to the systemic system of 
blood which could be spared from the lungs. On the other hand, it 
seems entirely reasonable to expect that transference of blood from 
the larger systemic to the smaller pulmonary side might be an 
important factor in the causation of the pulmonary congestion which 
has long been believed to follow failure of the left heart in clinical 
conditions. 

Therefore we believe tliat weakness of the right heart, uncompli- 
cated by any other physiologic changes, would not be followed by 
congestion of the systemic veins to the extent seen in congestive 
heart failure. However, if additional factors were present which had 
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previously increased static blood pressure, as an increase in blood 
volume or a general vasoconstriction might do, weakness of the 
right heart would have a much greater effect on venous pressure. 
For, in the first case, the blood transferred from the lungs would be 
accommodated in the flaccid systemic vessels with little increase of 
pressure; in the last, added to vessels already tense, it would increase 
the venous pressure much more. 

The relation between right heart failure and systemic venous con- 
gestion is not as simple and direct as has been general! j" assumed when 
the one is so confidently diagnosed from the presence of the other. 

Conclusions. A circulation schema is described whose pumps 
obey Starling’s Law of the Heart. 

On this schema the static blood pressure, i. e., the pressure 
existing at all points in the circulation when the “heart” is stopped, 
is an important factor in compensation for weakness of the “heart” 
and in the causation of increased “venous” pressure. 

The arterial and venous pressures of clinical congestive failure 
cannot be reproduced in this schema by weakening the heart alone. 
Mechanisms which cause an increase of static blood pressure, such 
as general vasoconstriction, pressure on vessels from without, or 
the insertion of additional fluid within the vessels, must be intro- 
duced before the pressure relations of clinical congestive heart failure 
can be reproduced. 

The behavior of our schema has suggested clinical considerations 
which raised doubt in our minds whether the venous congestion of 
“congestive heart failure” was brought about in the manner com- 
monly believed. This prompted the clinical investigation reported 
in the following paper. 
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ROLE OF THE "STATIC BLOOD PRESSURE” IN ABNORMAL 
INCREMENTS OF VENOUS PRESSURE, ESPECIALLY 
IN HEART FAILURE. 

n. Clinical and Experimental Studies. 

By Isaac Starr, M.D., 

HARTZELL PROFESSOR OF RESEARCH THERAPEUTICS, UNIVERSITy OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

In the preceding paper a schema of the circulation was described*'^ 
which, we believe, mimicked physiologic conditions more closely 
than its predecessors. Stud^dng the behavior of this schema we 
were impressed with the importance of the static blood pressure, 
i. e., the pressure present throughout the circulation when the heart 
had stopped. For instance, after the heart had been weakened, 
mechanisms which raised static pressure had to be introduced before 
the arterial and venous pressures found in clinical congestive heart 
failure could be simulated. Also, increasing static blood pressure 
proved to be a method of partial compensation for weakness of the 
heart, for a measured weakening of one or both of the schema’s 
“hearts” caused far less diminution of circulation when the static 
pressure was high than the same degree of weakening when this 
pressure was low. 

Obviously, therefore, it seemed important to obtain data con- 
cerning the static blood pressure in clinical conditions. This was 
undertaken by making preparations in advance, waiting till the 
heart stopped at death, and then measuring this pressure bj'’ the 
introduction of a needle into a vein or, more convenientlj’’, into the 
right ventricle. This measurement has been made in 64 patients 
with subsequent necropsies in about 70%. 

The results show that cases dying with prolonged and severe 
congestive failure have a static blood pressure much higher than 
that found in persons dying of other causes. The differences found 
are sufficient to account for a large part, in some instances for all, 
of the differences in venous pressure found during life. 

Therefore it appears that a large part of the force causing the 
increment of venous pressure in congestive failure is not derived 
directly from the heart for it persists when the heart is no longer 
functioning. 

The author recalls an observation made when he was an intern, 
called to pronounce the death of a cardiac patient. With the body 
still supported on a back rest at 45°, the veins of the neck %vere dis- 
tended as they had been during the last illness. I have repeated 
this observation many times since and do not doubt that many 
readers will recall the same fact. Therefore this investigation is but 
a quantitative study of a finding which mayffie familiar to many. 
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But I have found neither record of the fact nor discussion of its 
significance. 

Technique. For measuring static blood pressure an 18-gauge needle, 
Si inches long, attached to a Luer-Kaufmann side-arm syringe was em- 
ployed. The side arm was connected, through a T tube and pinchcocks, 
to a manometer of 3 mm. bore, and to a reservoir. The system was filled 
with either 0.9 % NaCl or 0.5% sodium citrate. The heart, or occasionally 
a vein, was punctured and blood was drawn into the syringe until the side 
arm was opened. Then fluid was allowed to flow from the manometer as 
far as it would, care being taken that the syringe plunger was not drawn 
in as the pressure feU. This maneuver was repeated several times until the 
needle was washed free of blood and constant readings were obtained. 
The manometer was then lowered and the rise of the column to its previous 
level observed. Due to the viscosity of blood which now entered the long 
needle the level of the initial readings was often not attained with exactitude. 
The readings obtained with a falhng column were considered correct, the 
attainment of approximately the same level by the rising column being 
regarded as a check on the patency of the system. A correction, made 
necessary by capillarity and by the force required to make fluid flow through 
needle and tubing, was applied to each reading. It amounted to almost 
exactly 1 cm. in my apparatus. 

The apparatus was placed ready at hand, and I was notified as soon as 
death was pronounced. The great majority of the measurements were made 
within 30 minutes of that event. If death occurred at night the interns, 
after instruction in the technique, made the readings. The subject was 
always placed flat on his back when the estimations were made. 

The plan of the investigation required repeated estimations of venous 
pressure on many patients. A large amount of the effort was lost, as meas- 
urement of static pressure did not always follow. Speed and convenience 
dictated the choice of method. The capsule methods soon proved too 
laborious for repeated estimations on different days. I finally came to 
depend on raising the hand and observing the level at which the veins filled 
and emptied, the method of Gaertner.® A small electric light (Bausch & 
Lomb whitelite transilluminator), attached to a flashlight battery, was laid 
on the skin beside the vein and the appearance or disappearance of the well 
marked shadow made the point of filling or emptying easy to identify. In 
addition, a direct measurement after venipuncture was made at least once on 
aMost every patient, either using the apparatus described above, a tech- 
nique adapted from that of Moritz and Tabora,^^ or simply connecting the 
needle to a small mercury manometer. This experience Avith several 
methods left me with a high regard for the rough accuracy of the Gaertner 
method, if carefully performed. But when patients were extremely dyspneic 
my results with the Gaertner technique were often somewhat too high and I 
soon learned to avoid this method under these circumstances. Fishberg® 
cites a similar experience. 

There has been no agreement as to the proper base line for venous pres- 
sure measurements in recumbent patients. Clark, Hooker, and Weed® 
located the venous pressure reference point of dogs in the great veins. 
Also it seems evident that the static pressure of patients postmortem should 
be referred to the center of the body. Therefore to obtain a base line in 
supine subjects we measured the thickness of the thorax at the level of the 
junction of the sternum and the 4th rib and used the midpoint. Measure- 
ments made at necropsy in a number of cases indicated that this midpoint 
coincided with the level of the great veins. 

Our principal interest in venous pressure concerned its relation to static 
pressure, so both measurements were referred to the same base line. There- 
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fore our figures for venous pressure are from 2 to 5 cm. higher than many 
results in the literature which have been measured from a level either one- 
third the distance from the anterior to tlie posterior chest wall, or 5 cm. 
below the anterior chest wall,’ the position of the auricles. 

Some patients died before venous pressure had been accurately measured. 
In these cases an impression of the amount the congestion has been recorded 
in general terms. 

Experiments Concerning Certain Properties of the Static Blood Pres- 
sure. Animal Experiments. Although performed after the clinical 
investigation had been largely completed the results of the animal 
experiments can be presented best at this point, as they illuminate 
the clinical findings. 

The ability of mammals to withstand hemorrhage and to receive 
intravascular infusions without much alteration in blood pressure is 
conspicuous and it has received much emphasis. Therefore it 
seemed proper to ask the question whether one had tlie right to 
expect that increased intravascular volume would raise venous and 
static blood pressures. 

As no acute animal experiment can be designed to simulate clinical 
death, I attempted to safeguard the interpretation of the results by 
diversity in the experiments. 

Dogs were employed. Tracheal, carotid, and femoral venous 
cannulse were inserted using great care to avoid blood loss. Venous 
pressures were estimated by allowing very small amounts of saline 
solution to run into a femoral vein from a manometer. The center 
of the dog’s body was taken as base line. 

In Dogs 1, 2, 3, and 4 the experiment was performed while the 
condition of the circulation was good. The dogs were injected with 

2 mg. morphine per kilogram and then given intraperitoneally^ 
1.5 cc, per kilo of a solution containing 2.8% of chloralosane and 
42% of urethane. After anesthesia and insertion of the cannulie, 
Dogs 1 and 2 received an intravenous infusion of Lilly’s acacia 
diluted to make 6% acacia and 0.9% NaCl. Within 5 minutes 
after the infusion the dogs were killed bj”- stabbing their hearts with 
a needle electrode and passing 110 volts D.C. through it. Dogs 

3 and 4, having received nothing intravenously, were killed similarly 
after arterial and venous pressures had been recorded for a few 
minutes. 

In Dogs 5, 6, and 7 similar experiments were performed after the 
blood pressure had been kept abnormally low for about 1| hours by 
deep chloroform anesthesia. Dog 5 developed marked Cheyne- 
Stokes respiration with varying arterial and venous pressures. 
Dogs 6 and 7 were given acacia intravenously, Dog 5 serving as 
control. Dogs 5 and 6 were killed by excess anesthetic, Dog 7 was 
electrocuted. 

The results are charted in Figure 1. In all but Dog 5 a period 
of struggle followed cessation of cardiac action and the gasping re.spi- 
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rations were accompanied by a great elevation of venous pressure 
which fluctuated with the muscular contractions. Quiet supervened 
in about 5 minutes and static blood pressure, similar in artery and 
vein, is recorded from that point. The curve obtained is very sim- 
ilar in all the animals. It descends from the high level reached in 
the struggle, and levels off about 20 minutes postmortem. After 
this the change does not exceed 1 cm. and the variation may be either 
up or down. Dogs 4, 5, and 7, followed for an hour postmortem 
showed no further change from that recorded. At the end of that 
time the blood had not clotted and the muscles contracted vigor- 
ously on electrical stimulation. 

The form of the postmortem pressure curve in these dogs is 
similar to that found in rabbits by Riml.'® The height of the curves 
of the control animals agrees well with the value found in rabbits 
by that author and with the average found in the control group of 
patients to be described. 

The amount of acacia solution added, in per cent of the dog’s 
probable blood volume, estimated as 7% of the body weight, is 
shown in Figure 1 . It will be seen at once that, despite the diversity 
of the experiments, the results arrange themselves almost exactly 
in the order of the intravascular volumes. The interchauge of 
position of the results secured in Dogs 1 and 7 may be due to dif- 
ferences in the condition of their circulations, or to differences in 
the anesthetic employed. It is, therefore, entirely proper to think 
of increased intravascular volume as a cause of increased static 
blood pressure. 

The results obtained before the animals were killed indicate that 
increased intravascular volume can raise venous pressure also, as 
has long been known.’^®” 

Clinical Experiments. These were performed postmortem before 
the blood clotted. 

Case 33, apparently improving, collapsed while I was making ward 
rounds. Respiratory efforts persisted for about 5 minutes. Meas- 
urement of static blood pressure began 12 minutes postmortem. 
The results are charted in Figure 1 as curve A. The form of the 
curve is similar to that obtained in the animal experiments. Con- 
firmation of the rapid fall occurring soon after death was obtained 
in another patient who died of pulmonary infarction during ward 
rounds. The static blood pressure was determined 10 minptes after 
death and fell about 1.5 cm. in the next 2 minutes when observations 
had to be discontinued. 

No similar rapid change in pressure was found in any other case 
in the series. Evidently measurements began after the curve had 
leveled off. In 15 patients estimations repeated for an hour showed 
very little change with time. In one there was a fall at the rate of 
1 cm. per 15 minutes. Changes in the other cases were smaller. 
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Slow drifts both downward and upward were seen, as in the animal 
experiments. 

^^dien the blood had clotted or rigor mortis had set in, the pressure 
within the circulation sometimes differed greatly from that obtained 
earlier. The change was in either direction. Values obtained so long 
postmortem, though often identical with those obtained earlier, 
are not to be trusted. 



Fig. 1.— Results of animal experiments. The numbers correspond to the dogs 
mentioned in the text. Values charted to the left of the double line were obtained 
during life and represent arterial and venous pressures. Dogs 1, 2, 6 and 7 had 
intravenous infusions and the values obtained before, during, and after the infusions 
are recorded. To the right of the double line measurements of general static blood 
pressure are recorded at the time postmortem at which they were made. The first 
of these values is connected by a dotted line with the last value of the venous pressure 
obtained antemortem in the same dog. In the right hand margin is shoum the 
amount of the infusion in per cent of the dog’s probable blood volume calculated 
from his weight, for each animal. The curve A shows the change of general static 
blood pressure with time in Case 33. 


Occasionally small rhythmic fluctuations in the static blood pres- 
sure made one wonder if all vital activity had ceased. Similar 
fluctuations were seen in the animal experiments. In a number of 
instances I attempted to demonstrate a persistence of vascular 
activity in the patients by injecting histamine and adrenalin into 
the skin. There was no visible response in any case. _ 

Several experiments were made to throw light on the possibility 
that when the static pressure was high, it would diminish more 
rapidly in the period before measurement could be made because 
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blood was forced from the lifeless vessels at the higher pressures. 
In four experiments the static pressures were forced up by laying 
heavy weights on the abdomen, in one the same result was secured 
by injecting fluid into the peritoneal cavity. Thus in Case 7 this 
pressure, steady at 19.8 cm. for 19 minutes, was increased to 29.5 cm. 
by laying 20 lbs. on the abdomen. During the next 10 minutes it 
fell slowly to 27.6 cm., after removal of the weight it was 18.5. 

In another experiment the static pressure changed from 10.57 to 
13.8 on weighting the abdomen and remained unchanged at the 
higher level for 15 minutes. After removal of the weight the pres- 
sure was 9 cm. The other results were similar. Generally there was 
evidence of a slow drift downward at the higher pressures. But 
part of this effect may have been due to the expulsion of flatus by 
the abdominal compression, which was painfully obvious in most 
cases. Our evidence indicates that the rate of change is only slightly 
faster when the pressure is high. The results of the animal experi- 
ments permit a similar conclusion. 

When the heart stops the pressures throughout the vascular 
system would equalize only if the vessels remained open. To safe- 
guard ourselves on this point we twice made simultaneous estima- 
tions of pressure in a peripheral vein and in both ventricles, the 
position of the needles being verified at necropsy. We have also 
compared pressures in a peripheral vein and in the right ventricle 
in 11 cases. In all but 2 cases the agreement was within 1 cm. of 
water, a difference certainly within the error of the methods. In 2 
cases differences between vein and heart pressures of 3.5 and 5.5 cm. 
are doubtless to be attributed to technical errors or to local venous 
obstruction. However experiments with a circulation schema con- 
taining a fluid of the same viscosity of blood^’^ have shown that small 
differences in pressure may persist in different parts of the circulation 
for a long time after the pumps have been stopped. 

Opening the vessels, as by the pathologist’s incision, is followed 
immediately by diminution of static blood pressure. Intravenous 
injections raise this pressure. Thus in Case 32, with a static pres- 
sure of 9.5 cm. 150 cc. 5% acacia intravenously raised this pressure 
to 12 cm., a total of 295 cc. to 13.2 cm., 485 cc. to 14.4 cm., 635 cc. 
to 15 cm. These findings indicate that small changes in volume, 
such as might be due to the difference between the heart stopping 
in systole or diastole, or to the injection of small amounts of fluid 
in measuring the pressures, would have but little influence on our 
results. They also indicate that the larger increases in intravascular 
volume found in congestive failure'® are suffieient to increase the 
static pressnre to the value we find. 

Pressure on the abdomen was followed by a prompt rise of static 
blood pressure. If the abdomen was flaccid this rise was small, if 
tense it was large. Thus in 1 case a weight of 40 lbs. laid on the 
flaccid abdomen increased the pressure 3.6 cm. In 2 cases whose 



Table 1 . — Clinical Data. 

(Numbers in parentheses indicate the number of the day before death on whi( 5 h the observation was made.) 
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4S STARIi: “static blood pressure” 

abdomens were more tense 20 lbs. increased tbis pressure 7.3 and 
9.8 cm. In 1 distended case 40 lbs. elevated this pressure 17 cm. 
The rapid response of the manometer to pressure on the abdomen 
proved a handy way of assuring oneself that manometer fluid and 
blood were in pressure equilibrium. 

Arrangement and Residts of the Clinical Study. The 64 cases have 
been divided into 5 groups. Pertinent data concerning clinical 
and necropsy findings and the results of measurements of venous 
and static pressures in these cases have been given in Table 1. 
Figure 2 summarizes the static pressures. 
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Fig. 2. — The static blood pressures in various groups of cases. The cross bars 
indicate the average values. The mean of Group 1 is significantly different from the 
means of Groups 3 and 4 (for P = 0.05), and it just fails to attain a similarly 
significant difference from Group 2. The means of Groups 3 and 4 are not sig- 
nificantly different from each other. 


The cases placed in the first three groups all had some organic 
cardiac abnormality. In Group 1 have been placed 10 cases in 
which congestive heart failure was judged to be a major, if not the 
sole, cause of death. In Group 2 have been placed 11 cases in which 
congestive failure was present at some time during the course of the 
disease but it either cleared up before death or appeared to be a brief 
terminal event in patients dying from another cause. 

In Group 3 have been placed 13 cases in whom neither venous 
congestion, nor “cardiac” edema was observed at any time during 
life. Howei^er, in Cases 22 and 29, passive congestion was demon- 
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strated at necropsy and this was doubtless the factor which made 
their static pressures the highest of the group. If these 2 cases are 
promoted to Group 2 the average static pressure of Group 3 is 
reduced from 9.7 to 8.4 cm. 

Group 4, the control group, consists of 25 cases characterized by 
essentially normal hearts. Their static pressures average 7.2 cm. 
(Table 2). 


Table 2. — Compabisons of Venous Congestion (Antemortem) and Static 
Pressures (Postmortem) in Patients With Normal Hearts. 


Case. 


J. M 


A.M. venous 
congestion P.M. static 
or pressure pressure 
(cm. HiO). (cm. HiO). Necropsy. 

Group It, No Cardiac Disease, 


Chief diagnosis and 
remarks. 



14 

14 

Yes 

Myel. leukemia; recurrent as- 
cites 

None 

2 

Yes 

Polyposis of colon; anemia 

None 

9 

Yes 

Ca. pancreas 

None 

15 

Yes 

Ca. esophagus 

None 

7.5 

Yes 

Cholelith., peritonitis 

None 

5 

Yes 

Ca. of tongue 

None 

5 

Yes 

Meningitis 

None 

8 

No 

Chronic nephrosis 

None 

8 

Yes 

Strep, pneumonia 

9 

8.5 

Yes 

Meningitis 

10 

0 

Yes 

Pul. tuberculosis, purpura 

13 

, 9 

Yes 

Bronchopneumonia 

10 

11 

Yes 

Lymphosarcoma 

None 

9 

Yes 

Ca. gall bladder 

None 

6.5 

Yes 

Ca. breast 

10 

9 

Yes 

Diabetes mel. septicemia 

11 

0 

Yes 

T.B. meningitis 

15 

8.5 

Yes 

Lobar pneumonia (distended 
when V.P. was taken, not 
at death) 

6.6 

7.5 

No 

Meningitis 

8 

13 

No 

Bronchopneumonia 

None 

5.5 

Yes 

Lung abscesses 

15 

0 

Yes 

Empyema 

8.5 

7.5 

No 

Ca. lung 

10 

7 

No 

Ca. stomach 




See Table 1, Case 35 


Group 5, Cases Dying With Marked Abdominal Distention, 


23 

Yes 

Lobar pneumonia 

19 

No 

Lobar pneumonia 

13.5 

Yes 

Myel. leukemia, hemorrhage 

14.5 

Yes 

Gen. peritonitis 


In a special fifth group have been placed 4 cases; their data will be 
found in Table 2. Each of these died with marked abdominal dis- 
tention. The static blood pressures were high in this group, averag- 
ing 17.2 cm., a result consistent with the observation that when 
intraabdominal pressure is increased intentionally the static blood 
pressure rises. 

Figure 2 shows the individual and average static blood pressures 
in the first four groups. Obviously the static pressure maj^ have 
been influenced by the treatment employed in several cases. AVhen 
transfusion or venesection was employed as a last resort this is 
noted in the tables. Slow intravenous saline infusions were used 
occasionally and, thinking that the resulting pressure changes would 
be small and transient, we have included these data. 
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Discussion. Ceriahi 1' undamental Dij^lculties and Assumptions. 
One must ask whether the static blood pressure obtained postmortem 
truly represents the corresponding pressure present during life. 
The results of experiments on animals bear on this question. 
Starling,*®® after sectioning the cord to prevent asphjocial vaso- 
constriction, stopped a dog’s heart by stimulating the vagus. 
Three minutes later the blood in arteries and veins was in pressure 
equilibrium at 8.3 cm. H 2 O. After the curve had leveled our control 
dogs showed an average postmortem blood pressure of about 5 cm. 
H 2 O (Fig. 1). But section of the cord affects vascular tone and the 
experiments may not be comparable. 

^^^len I stopped the heart by stimulating the vagus,*®® an e.xperi- 
ment I tried repeatedly in Dogs 1 and 2, struggle and asphyxial 
vasoconstriction supervened before the pressures in arteries and veins 
equalized. So I was unable to discover a level during life which could 
be compared with that found postmortem. 

The expectation is that, because of vascular and muscular relaxa- 
tion, the static pressure diminishes postmortem. Therefore the 
value obtained when it has become stationary is probably somewhat 
smaller than the corresponding pressure present before death. But 
the change is probably much smaller than the difference between 
the initial and final postmortem pressures shown in Figure 1. 
Asphyxial vasoconstriction and muscular activity were undoubtedly 
factors in the values first obtained in these e.\'periments. 

Conclusions must be drawn on the assumption that the change in 
static pressure is equal, on the average, in the various groups of 
patients, so that the differences found after death represent dififer- 
ences present during life. This assumption is supported by the 
results of the experiments on dogs (Fig. 1). The falling postmortem 
pressure curves remain discrete and arrange themselves nearly in 
the order of the intravascular volumes present during life. 

However, in the patients whose static blood pressures were forced 
up postmortem, the elevated curves diminished somewhat faster 
than the lower ones. The animal experiments showed a similar 
result. Therefore the differences found postmortem in our cases may 
somewhat underestimate the differences present during life. 

The objection might be raised that some special feature of con- 
gestive failure, associated with death by slow failure of the circula- 
tion, might prevent the drop of the postmortem pressure curve in 
these cases and so account for the differences found. One can only 
point out that lack of oxygen would be expected to increase capillary 
permeability in congestive failure, and that the cases of coronary 
thrombosis in Group 3, also dying with gradually failing circulations, 
showed no comparable elevation of static blood pressure. Cases of 
heart disease, dying without congestion, do not have high static 

pressures. _ ... 

It seemed possible that the height of the blood proteins might 
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influence the results by controlling the rate of diffusion of fluid from 
the blood. Blood proteins had been estimated before death in 12 
patients, the results ranging from 3.6 to 6.7 %. When these figures 
were plotted against the corresponding static pressures the points 
were so widely scattered that it seemed evident that the amount of 
blood proteins was no important factor in our results. 

Interpretation of the Results. The behavior of the circulation 
schema permits one to classify the factors which may increase 
venous pressure as; 

Group 1. Factors causing transference of blood from arteries 
to the veins. Cardiac weakness, slowing of the circulation from anj'' 
cause, or diminution of peripheral resistance, would bring about 
effects of this kind. 

Group 2. Factors causing transference of blood from the systemic 
to the pulmonary system, or vice versa. Weakening only one side 
of the heart relative to the resistance it must overcome, while the 
strength of the other remained intact, would cause effects of this 
kind. 

Group 3. Factors causing increased static pressure; due to (a) 
increased intravascular volume sufficient to stretch the vessel walls, 
(b) vasoconstriction, or (c) pressure on blood-containing vessels 
from without. Unlike the factors in Groups 1 and 2, the agents 
which bring about such changes of static pressure are not immedi- 
ately connected with the heart. If there is any connection it must 
be a remote one with steps in between. 

Factors of Groups 1 and 2 cause readjustments inside the circula- 
tion. They are directly due to the heart and when the heart stops 
all evidence of their previous presence disappears. They do not 
affect static pressure. The factors in the last group are not directly 
due to the heart and they cause an increment of pressure which 
persists after the heart has ceased to beat. 

Since cases of congestive failure have a higher static pressure 
after death than controls it seems obvious that factors of the third 
group must have entered into the increment of venous pressure 
present during life. The next question is, what percentage of this 
venous pressure increment can be properly attributed to these 
factors? 

The static pressure in cases dying in congestive failure averages 
20.7 cm. of HoO, in cases dying without heart disease it averages 
only 7.6 cm., the difference is 13.1 cm. of water. According to 
Eyster^ the venous pressure of normal persons is from 4 to 6 cm. 
HsO, this pressure in the 6 cases of cardiac decompensation given in 
his Table 1 averages 19 cm., 14 cm. above the normal average. 
\illaret ef a/.,'® measuring from a dift'erent base line, call the normal 
venous pressure 13 and 12 cm. H^O for men and women, respectively. 
In the 7 cases of congestive failure reported the average venous 
pressure was 28 cm., 15.5 cm. above the normal average. Our 
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results are very similar. Apparently the average difference between 
the static pressures is sufficient to explain over 85% of the average 
increment of venous pressure found in congestive failure. 

But in certain individual cases the results point to a different 
conclusion. In Cases 5 , 19, and 21, all with hj’pertension, the eleva- 
tion of static pressure will explain less than half of the venous pres- 
sure increase found during life. In Case 35, with mediastinal ob- 
struction of the veins, the static pressure played no part at all in a 
maximum rise of venous pressure. Obviously other factors were 
operating in these cases. On the other hand, in the case of mitral 
stenosis. Case 10, in which right-sided failure might have been diag- 
nosed, and the presence of the cardiac factors of Groups 1 and 2 
expected, the static pressure accounted for all the increment of 
venous pressure. 

Returning to the discussion of the average results one may ask 
what causes the average increment of static pressure in congestive 
failure.- One factor is surely the increased blood volume found in 
this condition, a view put forward by Bolton^ from results of animal 
experiments to be described. A relationship between venous pres- 
sure and blood volume in clinical congestive failure has been demon- 
strated by Brandt^ and, using better methods, by Gibson and Evans^® 
who review the other literature consistent with this conception. 

Certainly other factors may contribute to the increment of static 
pressure in certain cases. Pressure exerted on vessels from without, 
as by edema or fluid in the body cavities, would also cause increased 
static blood pressure persisting after deatli, if there were no com- 
pensatory decrease of blood volume. The results obtained in the 
4 cases of Group 5 wffio died with extreme abdominal distention give 
evidence that such factors exist. Their static pressures averaged 
9.6 cm. above the average normal level although their hearts were 
normal. Also I have observed the venous pressure to increase 
markedly when distention was present (Case 9) and to diminish as 
soon as it was relieved. Clark^ found venous pressure to diminish 
after tapping the chest in 7 of 8 cases and he described the relation 
of venous pressure and urine volume as inverse and coincident in 
6 cases of congestive failure. We have similar data in 5 cases. 
These results are consistent with the view that fluid or gas in the 
body, sufficient in amount to compress the adjacent vessels, is a 
factor in the elevation of the static, and so of the venous, pressure. 

General vasoconstriction or increased muscular tone*® would 
certainly be a factor in the static pressure. It is impossible to say 
definitely how much vital factors of this kind contribute to the static 
pressure as we measure it postmortem. One is tempted to think 
that muscular relaxation causes the fall which occurs during the 
15 or 20 minutes after the circulation has stopped, and that the 
leveling after that time indicates that vital activity has largely 
ceased. But strips of human arteries, obtained at amputation by 
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Cow,® when placed in oxygenated Ringer’s solution at 37°, main- 
tained their power of reaction to stimulse for several hours without 
impairment. On the other hand, neither adrenalin nor histamine, 
injected into congested areas of skin when non-cardiac pressure was 
measured, caused any visible response in several of my patients. 

The sum of the results given above drives one to attribute the 
largest part of the venous pressure increment in most cases of con- 
gestive failure to factors such as increased blood volume and pres- 
sure on the blood in the vessels by fluid or gas within the body. 
Our data shows that other factors are more important than these 
in only a few cases. 

The Relation of Our ResidU to Conceptions Derived From Animal 
Experiments. Starling^®® attempted to simulate cardiac failure in 
animals by injecting oil into the pericardium. The results led him 
to develop the mechanical theory of edema formation which bears 
his name. As a logical deduction from this theory he wrote, in 1896, 
“A condition of hydrsemic plethora must be an inevitable physio- 
logical consequence of the failure of the heart pump.” Starling 
believed that both plethora and vasoconstriction elevated the static 
blood pressure in heart failure and that they were factors in the 
increased venous pressure characteristic of this condition. 

Bolton^ attempted to reproduce the effects of heart disease in cats. 
In early experiments he diminished the circulation by constricting 
the pericardium, later he narrowed the superior and inferior venae 
cavse at their entrance to the heart, and finally, he found that the 
same effects could be produced by narrowing the inferior vena cava 
alone. Ascites soon followed this operation. Edema appeared 
early and persisted in the area drained by the obstructed vein. 
Venous pressure in this same area rose a little immediately after the 
operation and this was attributed to slowing of the blood stream and 
to piling up of blood behind the obstruction. A few hours later it 
fell to normal but then rose as the arterial pressure recovered. This 
second rise of venous pressure was attributed to vasoconstriction. 
About a week after the operation the cats began to increase their 
blood volumes, as estimated by the “wash out” method. The 
venous pressure in the area of obstruction rose coincidently to a 
high level. This increase was attributed to the plethora. Excess 
of fluid intake over urine output was observed. The blood was at 
first diluted but later regained its usual concentration although 
plethora continued. Ten to 17 weeks after operation increments 
up to 40% of blood volume were found. 

These experiments have received little attention by clinicians, 
possibly because of a natural hesitation in granting that partial 
obstruction of the inferior vena cava was truly analogous to failure 
of the heart muscle. But from the results of these animal experi- 
ments Starlingi®® and Bolton^ developed a viewpoint of congestive 
failure the main features of which my results uphold. 
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Our data izidicate that the systemic venous congestion of con- 
gestive heart failure is not fully explained as the direct mechanical 
consequence of weakness of either the right heart or the whole heart. 
Our evidence indicates that, while increments of venous pressure 
directly due to cardiac weakness exist, thej- are minor factors in the 
clinical pictures of most cases. Therefore the largest part of the 
venous pressure increment of congesti\^e failure is not directlj^ due 
to the lieart. But these observations give no basis for denj-ing that 
there might be an indirect relationship with ph 3 'siologic steps in 
between. They are consistent, with the finding of normal cardiac 
output in some cases of congestive failure,'-'^ and with the view, 
recentlj' supported by Mc]\Iichael’s data,’= that venous congestion 
represents an effort on the part of tlie body to compensate for weak- 
ness of the myocardium by increasing the heart’s Mling pressure. 

But we must not forget that the evidence relating venous con- 
gestion to cardiac dj^sfunction has been weakened b.y these data. 
One can now readilj’’ conceive of types of venous congestion vv'hich 
might originate from disease of other organs than the heart. 

Conclusions. The pressure remaining throughout the circulation 
after the cessation of cardiac action, the “static blood pressure,” 
has been measured promptlj’- after death in 64 patients. Necropsies 
were performed in 44 of these cases. 

In persons dying of prolonged congestive heart failure the static 
blood pressure av^eraged 20.3 cm. HsO. In persons dying without 
heart disease it averaged 7.6 cm. This difference is large enough to 
account for the major part, in some instances for all, of the high 
venous pressure found in cases of congestive failure during life. 

Obviously, therefore, the larger part of the increase of venous 
pressure found in congestNe failure should not be attributed direct^’’ 
to any difference of cardiac function, for the abnormality persists 
when the heart is no longer functioning. 

Well known theoretical conceptions in congestive failure have been 
restudied and reassessed in the light of this new information. 

I am indebted to numerous members of the Department of Pathology, especially 
to Dr. O. Norris Smith, for permission to use their, necropsy findings and for the 
performance of certain special studies at my request. The high percentage of 
necropsies in my cases was due to the skill and energy^ of the medical residents, 
Drs. H. F. Flippin and A. W. Terrell, who also assisted the investigation in 
numerous other ways. IVly records contain the names of the following interns who 
made estimations of non-cardiac pressure at night and assisted me in various ways; 
Drs. W. Jaquette, D. N. Stewart, F. M. Thigpen, W. P. Stewart, T. Lovitt, J. L. 
Morrison, D. MacL. Wilson, D. Z. Rhoads. J. P. Atkins, L. B. Twj'effort, T. E. 
Machella, J. G. Smith, H. G. Scheie, A. J. Gaydosh, and R. E. Hobler. 
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THE TREATMENT OF PNEUMOCOCCUS PNEUMONIA: A COM- 
PARISON OF THE RESULTS OBTAINED WITH SPECIFIC 
SERUM AND WITH SULFAPYRIDINE. 

By Harry F. Dowling, M.D., 

PNEUMONIA consultant, HEALTH DEPARTMENT, DISTRICT OP COLUMBIA; CLINICAL 
PROFESSOR OF MEDICINE. GEORGE WASHINGTON UNIVERSITY, 

AND 

Theodore J. Abernethy, M.D., 

PNEUMONIA consultant, HEALTH DBPAETMENT, DISTRICT OF COLUMBIA; ASSOCIATE 
IN MEDICINE, GEORGE WASHINGTON UNIVERSITY, 

WASHINGTON, D. C. 

(From the Health Department, District of Columbia, and the Department of Medi- 
cine, George Washington University School of Medicine.) 

In the short time since Evans and Gaisford^ made the first report 
of the treatment of 100 cases of peumococcus pneumonia with 
sulfapyridine, manj'' investigators have attested to the favorable 
influence of the drug in decreasing the mortality rate and shortening 
the clinical course of the disease. The various publications to date 
have been chiefly concerned with the shortening of the febrile period 
and the reduction in the mortality rate of the disease, and with the 
toxic effects of the drug. In general, investigators have obtained 
mortality rates as favorable as those heretofore reported following 
the use of specific serum. Actual comparison of the value of sulfa- 
pyridine and serum in the treatment of pneumonia has received 
but slight attention. Therefore, we have attempted to obtain 
answers to two questions: 

L When comparable groups of cases are treated over the same 
period of time, will sulfapyridine or will serum be more effective in 
altering the course of the disease and its mortality rate? and 

2. Are there any special situations in which one agent is superior 
to the other? 

From September 1, 1938, through July 15, 1939, 226 cases of 
pneumonia were treated by us. Of these patients, 90 were given 
serum alone, 130 sulfapyridine alone, and 6 received both drug and 
serum. Most of the patients were treated in conjunction with the 
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Pncuinoiiia Control Program of the Health Department of the 
District of Columhia in the wards of Gallinger Municipal Hospital 
and other liospitals of Washington or in liomes, while a few were 
private patients seen in consultation by either of us. The series 
includes all the adult patients with pneumococcus pneumonia treated 
by us during this period, no cases having been excluded. 

Typing of each patient’s sputum was performed at least once and 
often several times. One or more blood cultures and Roentgen rays 
were taken on nearly every patient. In addition, cultures were 
made of all exudates and from the lungs at postmortem. 

From August 1 until November 17, 1938, before sulfapyridine 
became available, patients were treated with serum* alone. After 
that date, the Type I cases were alternated, one being given serum 
and the next the drug. When a serum for a particular type was on 
hand it Avas used; otherwise the patient was treated with sulfa- 
pyridine. There was no selection of cases on the basis of severity, 
except that both serum and sulfapyridine were given to G extremely 
ill patients. 

Results of Treatment. In Table 1 are shoivn the results of treat- 
ment with each of these two therapeutic agents. Pneumonias 
caused by each type of pneumococcus are listed separately, and, in 
addition to the total for all types, a sub-total has been calculated 
for Types I, II, V, VII and VUI pneumonias. The reasons for 
these types of pneumonias being considered especially suitable for the 
present comparison are enumerated in the Discussion. Purely for 
the sake of brevity these pneumonias will be spoken of as the 
“ lower-type ’ ’ pneumonias. 

Mortality Rates. Types /, II, V, VII and VIII. Among the 
70 “lower-type” pneumonias treated Avith serum, there were 10 
deaths (14.3%). There were 5 deaths among the 52 patients 
treated with sulfapyridine (9.6%). The 4 individuals treated with 
a combination of serum and sulfapyridine were seA^erely ill patients; 
all of them died. 

When only the bacteremic cases are considered, it will be seen 
that there were 3 deaths among 17 patients treated with serum and 
the same number among 16 patients treated Avith the drug. The 
mortality rates are therefore similar: 17.7% for serum-treated and 
18.8% for sulfapyridine-treated cases. 

Clinicians haAm long obserAmd that the most effectiA’^e results are 
obtained when serum treatment is begun during the first 4 days of 
the illness. This AA^as true in the present series (as in Table 1) 
where the mortality rate for patients receiAung their first dose of 
serum during this early period was 10.8%. Early treatment was 
even more effective in the sulfapyridine-treated cases. The mor- 


* Serums for some of the “higher” types were available for testing through the 
courtesy of the Lederle Laboratories, Inc., and the Gilliland Laboratories, Inc. 
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tality rate was only 2.9% among the 34 patients receiving snlfa- 
pyridine during the first 4 days of the illness. 


Table 1.— Effect op Specific Serum or Sulfapybidine on Mortality in 
Pneumococcus Pneumonias. 
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* Cases denoted by superscripts were treated with serum and sulfapi'ridine combined. 


In order to determine the relative severity of the disease in the 
serum- and sulfapyridine-treated groups, thej’' are compared in 
Table 2 with respect to age, amount of lung involvement and 
presence of bacteremia. Among the patients treated with serum, 
onlj' 18.6% were over 40 years of age, while 36.5% of the sulfapyri- 
dine cases were in this age group. More than one lobe was involved 
in a slight^ higher percentage of patients among the serum-treated 
group (35./ %) than among the sulfapyridine-treated group (30.8%). 
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One or more positive blood cultures were obtained from 26.6% of 
the serum-treated patients as compared to 33.3% of the patients 
treated with sulfapyridine. It will be seen from the above data 
that the groups of cases treated by the two agents Avere about equal 
in severity, hlore of the sulfapyridine-treated cases were over 40 
and were bacteremic; more of the serum-treated cases had extensive 
involvement. 


Table 2. The Effect of Cehtaik Factohs Upon Moiitality Rate in Pneu- 
monias Treated With Serum or Sulpapi-ridine (Types I, II, V, VII, VIII). 

Scrum. Sulfapyridine. 
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Mortality, 
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0.2 
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3 

17.7 

16 

3 

18.8 
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2S.6 

— 

- 
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— 
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Among the patients of 40 years or less, the mortality rates were 
practically the same whether serum or sulfapjTidine ivas used (7 and 
6.1%, respectively). In keeping with the expected higher death 
rates in older patients, the mortality rate for patients over 40 
treated with sulfapyridine was 15.8%. Among the serum-treated 
cases, the death rate in this older age group was 46.2%, or nearly 
three times as great as for sulfapyridine-treated cases. 

When the pneumonia involved only one lobe of the lung, the mor- 
tality rates for serum- and sulfapyridine-treated cases were again 
similar, being 2.2 and 5.5%, respectively. When more than one 
lobe was immlved, the mortality rates for both groups were higher, 
as was to be expected; but, again, the death rate for serum-treated 
cases (32%) was much more than that for cases treated with 
sulfapyridine (18.8%). 

When bacteremic patients are considered, the mortality rates 
were practically the same— 17.7 % when serum was used, and 18.8% 
when sulfapyridine was administered. The mortality rate in the 
47 non-bacteremic patients treated Avith serum was 12.8%, as 
against 6.2% for the 32 patients treated with suIfapjTidine. 

According to these figures, sulfapyridine seemed to be more 
effective for elderly patients and for patients Avith two or more lobes 
inAmlved, while the tAAm agents seemed to be of equal A’alue in 
bacteremic cases. 
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Mortality Rates. All Types. The totals at the foot of Table 1 
give the results of the treatment of pneumonias caused by all types 
of pneumococci. When all the cases are considered, 16.7 % of those 
treated with serum died, as compared with 11% of those treated 
with sulfapyridine. Among the bacteremic cases, the percentages 
were 23.8 and 20, respectively. The same striking reduction of 
mortality among cases whose treatment with sulfapyridine was 
begun during the first 4 days of the disease which was noted for the 
“lower types” of pneumococcus pneumonias was also found in the 
entire group, only 3.8% of the patients treated within this period 
dying, as compared to 13.3% of those treated with serum during 
the first 4 days. 

The severity of the two groups of cases may be compared in 
Table 3. They are quite similar with regard to the proportion of 
patients with involvement of two or more lobes (32.3 % for serum- 
and 34.6 % for sulfapyridine-treated cases) ; and also with regard to 
the percentage of bacteremic patients (23.6% and 20.3% for serum- 
and sulfapyridine-treated cases, respectively). The groups differ in 
the relative proportion of patients over 40 years, since there are 
only 23.8% of elderly patients in the serum-treated group, as com- 
pared to 31.6% of patients over 40 years among the sulfapyridine- 
treated cases. 


Table 3.— The Effect of Certain Factors Upon Mortality Rate in Pneu- 
monias Treated With Serum or Sulfapyridine (All Types). 

Serum. Sulfapyridine. 
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Other Effects. In addition to observations on the mortality rates, 
the effect of a therapeutic agent upon the course of pneumonia may 
be evaluated from other effects. One of these is the incidence of 
empyema, developing after treatment has been started. Among 
the 96 serum-treated cases there were 6 cases of empyema, an 
incidence of 6.1%, while among the 136 patients treated with sulfa- 
pyridine empyema developed in 4 (2.9%). 

In Table 4, the two therapeutic agents are compared with regard 
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to their abilitj^ to cause a rapid crisis. The patients ivho experi- 
enced a crisis have been classified according to the number of hours 
from the first administration of sulfapyridine or serum until the 
temperature reached 100° P. by mouth, and remained below that 
figure. ^ In the first column are shown the total number of patients 
recovering after treatment with either agent. In the second column 
are the^ cases terminating within 12 hours after treatment was 
begun; in the third column those terminating within 18 hours, and 
in the fourth column, 24 hours. The groups in the three latter 
columns are not mutually exclusive, since cases terminating within 
12 hours are also numbered among those terminating in 18 and 
24 hours, and cases terminating in 18 hours are also in the 24-hour 
group. Percentages of patients who had experienced a crisis by 
the end of each time period, as compared to the total number of 
survi^mrs, are gi^’■en. 


Table 4. — Effect of Serum oiV Sulfapyridine on the Rapidity' of the Crisis 
IN Pneusionia Patients Who Recovered. 


Patients nltli crisis. 


Types of 
pneumococci. 

Types I, II, 
VII, VIII 

All types 
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Sulfapyridine 
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22 
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Scrum 
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30 

37.5 

42 

52.5 

44 

55.0 

Sulfapyridine 

121 

40 

33.1 

01 

50.4 

SO 
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The most definite results were obtained in the pneumonias caused 
by Types I, 11, V, VII and VIII pneumococci. Among the 60 
patients in this group who recovered after serum treatment, a crisis 
occurred within 12 hours in 43.3%, within 18 hours in 58 . 3 % and 
within 24 hours in 61.7%. The corresponding figures for sulfa- 
pyridine-treated cases were 29 . 8 %, for 12 hours, 46.8% for IS hours 
and 63.8% for 24 hours. In short, an early crisis occurred more 
frequently among serum-treated cases, but after 24 hours crisis had 
occurred as frequently among the sulfapyridine- as among the 
serum-treated patients. 

When pneumonias caused by all types of pneumococci are con- 
sidered, the same trends are evident, but to a much less degree. 
In fact, at the end of 24 hours, an even larger proportion of sulfa- 
pyridine-treated patients had experienced a crisis (66.1%) than was 
true of serum-treated patients (55%). 

Discussion. We are of the opinion that the fairest comparison of 
the two therapeutic agents should consider only the eases caused 
by Tjqies I, II, V, ■\TI and VIII pneumococci. There are several 
reasons for this; First, these tjqies cause a much larger proportion 
of tjqiical pneumonias than the remaining types of pneumococci. 
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Cases caused by Tj^ies III, IV, VI pneumococci and the tj^ies 
above VIII are more likely to show a spontaneous recoverj'^ within 
the first few days of the disease. Moreover, a larger proportion of 
cases in the latter group will run their entire course with only a 
low-grade fever and little evidence of toxicity. If serum had been 
available for these mild cases, it probably would not have been used, 
on the theory that they would recover in any event. On the other 
hand, if they had been scheduled to receive sulfapyridine, there is 
more likelihood that it would have been given, since the administra- 
tion of the drug entails less expense and effort. This factor may 
have influenced the mortality rate in favor of the sulfapyridine- 
treated group. 

Secondly, serum has been shown to be definitely, beneficial in 
pneumonias caused by Types I, II, V, VII and VIII pneumococci, 
while the evidence in favor of its value in pneumonias caused by the 
other types is meager. 

Thirdly, Types III, 11^ and VI pneumococci and those above 
VIII are frequently found in the throats of normal persons and 
persons suffering from diseases other than pneumonia. Conse- 
quently, although we have eliminated all the cases which were 
obviously virus pneumonias (as described by Reimann^), neverthe- 
less, if a few of these cases are still included, they would most likelj’’ 
be found among the pneumonias of this group. On the same basis 
as mentioned above, they would be more likely to receive sulfa- 
pyridine, if they received any therapeutic agent, and this again 
may have influenced the mortality rate from the drug favorably. 

If Ave compare the 70 “ lower-tjq»e ” pneumonias treated with 
serum with the 52 “Imver-type” cases treated with sulfapyridine, 
the drug seems to be slightly more effective than serum in lowering 
the death rate. This superiority is even more evident among the 
cases treated during the first 4 days of the disease. Sulfapyridine 
seems to be superior, also, in the treatment of patients over 40 years 
and patients with two or more lobes involved, while the two agents 
appear to be equally effective in bacteremic cases. 

^ When the mortality rates for pneumonias of all types are con- 
sidered, the results were approximately the same as for the “lower- 
pneumonias, except that there appears to be an even greater 
superiority of sulfapyridine over serum. 

Finland and his associates^ found a 13% mortality rate for 
patients treated with serum alone, and a 15% death rate for those 
treated with sulfapyridine alone. In a third group of patients with 
more severe pneumonias, treated with a combination of the two 
agents, 26% died. If we add the group treated with both 
agents to each group treated by a single agent, as has been done 
in our study, we find that among 247 of Finland’s patients who 
received serum alone or in combination, 17% died. This figure 
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corresponds closely to the 16.7% mortality rate for our serum- 
treated cases. Among Finland's 175 cases treated with the drug, 
alone or in combination, however, there was a mortality rate of 
20%, contrasted with 11% among our cases who received the drug. 
Perhaps our results with sulfapyridine may have been faAmrably 
influenced by the use of sodium sulfapyridine, Avlnch Avas given 
intravenously to some of the patients.^ 

It should be noted that 20 of Finland’s patients who AA^ere treated 
Avith serum also received sulfanilamide. Since there is some evi- 
dence that the combination of sulfanilamide and serum may be 
more effecti\m than serum alone, this may haAm had a faAmrable 
influence upon the mortality rate in Finland’s serum-treated group. 

Another phase of our study is confirmed by an analysis of Fin- 
land’s cases. His figures show that there Avas a higher death rate 
among the patients over 40 years treated Avith serum alone (25%) 
than in similar patients treated AAuth sulfapyridine alone (20%). 

Another important item in the comparison of serum and sulfa- 
pyridine is the speed of recovery. We have shoAAm that crisis 
occurs more rapidly in patients receiving serum. This is in agree- 
ment with Finland’s statement, “With the use of sulfapyridine 
alone, the patients manifest evidence of illness for a considerably 
longer period ” 

Our results point to the necessity for further study of this prob- 
lem. We do not believe that any conclusion should be drawn from 
them for application to the routine treatment of cases of pneu- 
monia, except that both agents are of great value in the treatment 
of the disease. 

Summary. 1. Ninety-six cases of pneumococcus pneumonia 
treated with serum showed a mortality rate of 16.7%, as compared 
with a rate of 11% for 136 cases treated Avith sulfapyridine, 

2. Mortality rates were essentially the same for bacteremic cases 
in the two groups, but were definitely lower in the sulfapyridine 
group for patients over 40 years and for patients with two or more 
lobes involved. 

3. While both servAm and sulfapyridine are of great value in the 
treatment of pneumonia, A\'e do not believe that conclusions may 
yet be drawn as to their relative value in its routine treatment. 
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CURE OF TYPE XIV PNEUMOCOCCIC MENINGITIS BY SULFA- 

PYRIDINE, CONFIRMED BY AUTOPSY; CASE REPORT. 

By Luther L. Terry, M.D., 

INTERNE IN PATHOLOGY, CLEVELAND CITY HOSPITAL, 

AND 

Edmund E. Beard, M.D., 
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INSTRUCTOR IN MEDICINE, SCHOOL OP MEDICINE, WESTERN RESERVE 
UNIVERSITY, CLEVELAND, OHIO. 

(From the Departments of Medicine and Pathology, Western Reserve University 
and Cleveland City Hospital.) 

Several reports of cures of pneumococcic meningitis by sul- 
fapyridine have appeared in the literature since the introduction of 
this drug by "iVliitby®“ in May, 1938. Four such cases have been 
reported in England.® Barnett et aU recently reported results 
of treatment of 2 cases, of which 1 (Type V pneumococcus) re- 
covered and the other (Type XIV) died 16 hours after administra- 
tion of the drug was begun. Long^ cites the results of Hodes, who 
treated 4 cases with sulfapyridine. Of these 1 recovered and life 
seemed to be prolonged in 2. Cutts, Gregory and West^ successfully 
treated a case of Type XX pneumococcic meningitis with sul- 
fapyridine and serum. 

The case here reported is of especial interest in that not only was 
there clinical evidence of a cure of the meningitis but, due to death 
from other causes, we were able to confirm the cure at autopsy and 
to studj'' the residual changes in the meninges. A further interesting 
point is the observation that sulfapyridine failed to affect the 
associated and fatal pneumococcic endocarditis. 

Case Report. K. D., a white female aged 62 was admitted to the medical 
service of this hospital on Jan. 10, 1939. It was impossible to obtain an 
accurate history from the patient but it was learned from her family that 
she had apparently been in good health until 5 days prior to admission, when 
she had contracted a cold. On the day before admission she seemed no 
ivorse, but on the following day did not respond in the usual manner, was 
rigid and unable to walk. The past history was irrelevant except that the 
patient had been kept in a nursing home for the past several months because 
of a mental disturbance (probably senile dementia). 

Physical examination on admission showed: temperature 39° C., pulse 
rate 116 and respiratory rate 23 per minute, blood pressure 150 sj^stolic 
and 90 diastolic. The patient appeared to be seriously ill but answered 
questions so far as language difficulties would permit. The pupils were verj’’ 
small, re^ar, equal, and reacted to light. The nose and ears showed no 
abnormalities. The phar^mx was diffusely red and there was considerable 
mucus present. There was some resistance of the neck on attempts at 
passive fl^ion. The chest was sjmunetrical and expansion was equal on 
the two sides. Breath sounds were normal and no rales were heard. The 
heart was enlarged and there was a harsh, blowing systolic murmur audible 
at the apax_. There w'as no diastolic murmur. The reflexes w'ere phj’^sio- 
logic. Babmski and Brudzinski signs were not present. 
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Five and one-lialf hours after admission there was definite nuchal rigidity. 
Lumbar puncture yielded a cloudy fluid under 11 mm. of mercurj^ pressure 
containing 3000 cells per c.inm., 80% of which were neutrophils. Direct 
smear showed many Gram-positive diplococci. By the Neufeld-Sabin 
method the orpnisms obtained from culture of the spinal fluid were identi- 
fied as Type XIV iineumococci. Other laboratory findings were: red blood 
or c.mm.; hemoglobin, 15 gm. (Sahli); white blood cells, 

25,700 per c.mm. The blood Kline was negative. The urine was not ab- 
normal. Blood culture taken on the day of admission showed no groniih. 

Oral administration of sulfapyridine* was begun at 1.30 I’.jr. on Jan. 11, 
13=1 hours after admission. The initial dose was 2 gm. Thereafter 1 gm. 
was given every 4 hours for 5 doses, then 1 gm. every 6 hours until Jan. 21, 
when it was discontinued. A total of 35 gm. had been given in 10 da 3 's. 

Within 48 hours of the beginning of this regime the temperature had 
reached normal (Fig. 1). The spinal fluid cell count had dropped from 3000 
to 180 per c.mm. and on the fifth day was at a ^^rtually normal level, which 
was thereafter maintained. Smears of everj' sample of spinal fluid taken 



Fig. 1. — Chart showing hospital course, spinal fluid findings and sulfapyridine dosage. 

after 24 hours of treatment failed to show organisms. Three of these speci- 
mens were cultured and no growth was obtamed. Despite these mensurable 
indications of improvement the patient remained seriously ill. Her stupor 
continued and she ran an irregular febrile course. Rdles were heard in the 
lung bases on the 7th hospital day. On the 9th hospital day the red blood 
ceh count was 3,600,000, the hemoglobin was 12 gm. (Sahli) and the white 
blood cell count was 21,500. Sulfapyridine was discontinued on the Hth 
hospital day, because of the suspicion that it was responsible for the fever, 
but the patient did not improve. . An area of discoloration on the medial 
aspect of the right thigh was noted early in the morning of the 13th hospital 
day. Her condition became rapidly worse and she died on Jan. 24, the 

15th hospital da 3 ^ mi i • 

Autopsy bj*^ one of us (L. L. T.) was begun 4 hours after death. The brain 
weighed 1255 gm. and was of usual appearance. The leptomeninges wre 
thin and transparent and there was no gross evidence of meningitis. The 
cerebral arteries were the seat of moderate arteriosclerosis but were patent 

* The sulfapyridine (Dagenan) used in treatment of this case was furnished by 
Merck & Co., Rahway, N. J. 










Fig. 2. — Section of left frontal cortex and leptomeninges showing the typical 
appearance (low power magnification). 
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throughout. The venous sinuses presented the usual appearance and con- 
tained no thrombi. Sections for microscopic study were taken from many 
areas of the base and vertex of the brain (Fig. 2). In these the brain 
parenchyma showed no lesions. There was an increase in the space be- 
tween the arachnoid and the pia. This space was filled with a coarse net- 
work of collagenous fibers, most of which ran parallel to the leptomeninges. 
In some areas there were large spaces which possibly represented lymphatic 
spaces but probably were dilated spaces of the subarachnoid. In the col- 
lagenous network there were more cells than commonly present. Some of 
these cells were stellate, with large vesicular nuclei, and the free edges were 
apparently continuous ivith the collagenous fibers. In some instances they 
contained two nuclei. These cells in all ways resembled the undifferentiated 
mesenchymal cells of Maximov. In addition, there were a few small 
lymphocytes and large mononuclear cells present. The latter were phago- 
cytic, and often contained vacuoles and finely granular pigrnent. The 
walls of the leptomeningeal vessels were unchanged but for thickening of 
the adventitia due to marked development of a fine reticular and col- 
lagenous network. No exudate was seen. 

The heart weighed 300 gm. and was not dilated. The epicardium and 
myocardium appeared as usual. Upon opening the left atrium a large, 
lobulated mass was seen to extend into the atrium from its attachment 
near the base of the aortic leaflet of the mitral valve. The mass, though 
smooth upon the surface, was granular and friable. It measured 2 cm. in 
length and was firmly attached to an area of the valve leaflet measuring 
1 cm. in diameter. This portion of the leaflet felt firm and fibrotic. There 
was some thickening of the edges of the mitral leaflets and the chordse 
tendinese were thickened and adherent to one another. There was adherence 
of the right coronary and non-coronary cusps of the aortic valve at the 
commissure but there was no evidence of recent inflammation. The tri- 
cuspid and pulmonic valves were normal in appearance. The mural endo- 
cardium was smooth and transparent throughout, showing no lesions. 
Microscopic section from that portion of the mitral valve to which the vege- 
tation was attached showed many neutrophil cells enmeshed in a network 
of fibrin. The deeper portions of this zone were infiltrated by large num- 
bers of young fibroblasts and proliferating capillaries. Bacterial stains 
revealed many Gram-positive diplococci in the vegetation and deep within 
the zone of inflammation in the valve leaflet. Other significant anatomic 
findings were : septic embolus in the right common iliac artery with occlu- 
sion of the lumen, recent and remote septic infarcts of the spleen and kid- 
neys, and minimal bronchopneumonia of the right lower lobe. Postmortem 
culture of the heart’s blood and culture of the endocardial vegetation 
yielded Type XIV pneumococci. Bacterial stains of the iliac embolus and 
of the infarcts of the kidneys revealed many Gram-positive diplococci. 

Comment. This case demonstrates a cure of Type XIV pneumo- 
coccic meningitis. The diagnosis was well established by smears and ' 
culture of the spinal fluid as well as by the clinical findings. No 
organisms were seen in direct smears and all cultures w'ere negative 
24 hours after sulfapyridine therapy was instituted. Coinciding 
with these findings there was a drop in the spinal fluid cell count 
from 3000 to 15 per c.mm. or below. The spinal fluid remained clear 
and all clinical signs of meningitis disappeared. Autopsy confirmed 
the absence of meningitis. The only abnormal finding within the 
cranial cavity was a slight increase in the cellular stroma and the 
reticular and collagenous network of the leptomeninges. Similar 
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changes have been described by Gross, Cooper and Lewis^ in rats 
which had recovered from experimental pneumococcic meningitis. 
They also found lesions of the brain parenchyma in about one-half 
of their animals, but no such lesions were observed in this case. 
Weil® states that comparable lesions are common in old arterio- 
sclerotic brains, in chronic alcoholism, or in renal disease of long 
standing. Inasmuch as there was moderate sclerosis of the larger 
cerebral ^^essels in this case, it is not possible to state whether the 
findings were due to the cerebral arteriosclerosis or were a result of 
the recent inflammatory process, or to a combination of the two 
factors. The cause of death was a pneumococcic pyemia associated 
with an acute vegetative endocarditis. There was definite evidence 
of an old rheumatic aortic and mitral valvulitis, but no acth'ity of 
this process was demonstrable. 

The fibrous tissue reaction in the valve leaflet at the base of the 
endocardial vegetation demonstrates that the lesion of the mitral 
valve was of longer standing tlian the meningitis and that tlie latter 
process was probably only a result of the pneumococcemia. Riiege- 
segger" has recently pointed out the high incidence of meningitis 
as a complication of pneumococcic endocarditis. In his series of 
19 cases, 13 (86.4%) terminated in meningitis. Of the remaining 
6 cases only 1 failed on postmortem study of the meninges or of the 
spinal fluid to show evidence of meningitis and in this case the endo- 
carditis was confined to the right side of tlie heart. Despite the 
fact that in our case the blood culture taken on admission showed 
no growth, it is probable that there had been a release of pneumo- 
cocci into the blood stream, at least intermittently. The fact that 
the infarcts in the spleen and kidneys were of various ages supports 
this h 3 T)othesis. 

That sulfapyridine could bring about cure of the meningitis and 
at the same time fail seriously to affect the endocardial lesion may be 
more readily understood in the light of Ruegesegger’s investiga- 
tions.^ He was able to recover viable organisms from pneumo- 
coccic vegetations of the endocardium which had been immersed 
in formalin for as long as 22 months. The therapeutic effectiveness 
of any blood-borne agent, chemical or immunologic, must be greatly 
decreased against any organism so protected in an a^^ascuIar fibrin- 
ous mass. Although tlie drug failed to destroy the focus of infection, 
the prompt disappearance of the meningitis is significant eiddence 
that sulfapjwidine does affect the course of certain pneumococcic 
infections. 

Conclusions. Treatment of a case of Type XD' pneiimococcjc 
meningitis associated with pneumococcic endocarditis by the use of 
sulfapjuidine was followed by cure of the meningitis, as judged by 
clinical criteria as well as by tlie postmortem examination. 

The pneumococcic vegetative endocarditis did not yield to therapy 
and was responsible for the death of the patient. 
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CHLORIDE EXCRETION IN HYPOPITUITARISM WITH 
REFERENCE TO ADRENOCORTICAL FUNCTION.* 

By D. j. Stephens, M.D., 

ASSISTANT PROFESSOR OF MEDICINE, UNIVERSITY OP ROCHESTER SCHOOL OF MEDICINE, 

ROCHESTER, N. Y. 

(From the Department of Medicine, University of Rochester School of Medicine and 

the Medical Clinic of the Strong Memorial and Rochester Municipal Hospitals.) 

In the experimental animal, hypophysectomy is followed by 
atrophy of the adrenal cortex, which can be prevented or corrected 
by anterior pituitary transplants or by the administration of extracts 
containing the adrenotropic principle.® In hypopituitarism and 
Simmonds’ disease, atrophy of the adrenal cortex is frequently 
observed®-'*''^ and in a few such patients death has appeared to occur 
in Addisonian crisis.® Asthenia and hypotension are common symp- 
toms, and pigmentation is occasionally seen in hjqiophyseal cachexia.® 
Low concentrations of whole blood and serum chloride have been 
observed in hjqiopituitarism.® Anatomical findings would indicate 
that chronic adrenal insufficiency occurs in pituitary injury® and, 
if so, one might expect to find disturbances of electrolyte balance 
in pituitary disease. With this in mind, a study of the chloride 
excretion of a group of patients with hypopituitarism has been made. 

The modification of the chloride depletion test recently described 
by Cutler, Power and Wilder^ Avas used. This procedure consists 
essentially in the administration of a diet low in sodium and chloride 
and high in potassium, and the administration of measured quanti- 
ties of fluid and extra potassium as determined by the weight of the 
patient. The serum chloride is measured at the beginning and at 
the end of the test period and the concentration of chloride in the 
urine is measured. The chloride concentration in a 4-hour specimen 
of urine collected at the beginning of the third day was found by 
these investigators to be consistently and significantly higher in 
patients ivith Addison’s disease as compared with a group of control 
subjects. 

Seven patients Avith demonstrable lesions of the hj'pophysis were 

* An abstract of tliis paper was presented at the meeting of the American Society 
for Clinical Investigation, in Atlantic City. May 1, 1939. 
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chosen for study. Ail showed clear evidence of well established 
hj popituitarisin, with complaints of fatigue, weakness, loss of appe- 
tite and weight and loss of sexual function. The clinical findings 
included loss of body, axillary and ])ubic hair, atrophy of the geni- 
talia, hypotension, decrease in basal metabolic rate and increased 
glucose tolerance. None of the patients showed evidence of abnor- 
mal pigmentation. 

During the 52 hours of the test period, the diet described by 
Cutler, Power and Wilder was given. During the first day of the 
experimental period free drinking of water was encouraged; on 
the second day, the fluid intake was adjusted to 40 cc. per kg. and 
on the third da3'' 20 cc. of fluid per kg. was administered before 
11 A.ar. On the afternoon of the first da^', additional potassium in 
the form of 42 mg. of potassium citrate per pound of bod,y weight 
was given. This dose was repeated on the morning of the second 
day. On the morning of the first da}'^ and again on the morning of 
the third daj'' blood was collected under oil for the determination 
of serum chloride. On the first and second daj's the urine was col- 
lected from 8 A.M. to 8 A.m.; on the third daj’', a 4-hour specimen was 
collected from 8 a.m. to 12 noon. At noon on the third daj’' the test 
was concluded, the usual hospital diet ^vas resumed and extra 
amounts of salt were given by mouth for several days. 

Non-essential data are omitted from the following case abstracts: 

Case 1,— G.T., a negress, 15 years old, had fallen at the age of 15 months, 
striking her head. Since that time she had been mentally dull and had 
suffered from frequent epileptiform seizures. The menses had begun at the 
age of 12 and had been regular. The general phj’^sical examination was 
essentially negative except for evidences of mental deterioration. The blood 
pressure was 104 systolic, 58 diastolic. Skin, hair and genitalia were normal. 
The basal metabolic rate was — 3 %. The fasting blood sugar was 92 mg. % ; 
whole blood cWoride, 492 mg. %. Roentgen-rays of the skull showed 
evidence of an old fracture in the right parietal region. 

In the hope of favorably influencing the epilepsy, on October 15, 1935, 
craniotomy was done and the hypophysis was cauterized, an attempt 
being made to destroy completely the gland without injuring the neighbor- 
.hood structures. FoIIoudng the operation, there was temporary disturbance 
of water and salt control, and in temperature regulation. During the week 
after operation, the whole blood ciilorides fell to a consistent level of about 
420 mg. %. Within 3 weeks the basal metabolic rate had dropped to ~ 29 %. 
One year after operation there had been some decrease in the number of 
epileptiform seizures. The weight had decreased from 56.3 to 46 kg. The 
temperature was 35.7° C., the pulse rate 68. The blood pressure was 70 
systolic, 50 diastolic. She was dull and apathetic. The skin was dry and cold. 
Pubic and axillary hair had disappeared. The menses liad ceased abruptly 
at the time of tlie operation and the external and internal genitalia had 
become infantile. The fasting blood sugar was 50_mg. %; whole blood chlor- 
ides, 456 mg. %; cholesterol, 300 mg. %; uric acid, 3.6 mg. %. The basal 
metabolic rate was -33%. The red blood cells numbered 3,600,000; 
hemoglobin, 12.7 gm. per 100 cc. .x., • .. 

In Fehruary, 1939, she was re-admitted to the hospital. At this time 
there had been little change in her clinical condition. She was mentally 
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dull and apathetic. The blood pressure Avas 78 systolic, 60 diastolic. The 
pubic hair was absent. The uterus was infantile. The basal metabolic rate 
Avas — 47%. The fasting blood sugar Avas 55 mg. %. During the chloride 
excretion test there was no significant change in the serum, chloride level 
and the concentration of salt in the urine Avas found to be Avithin the limits 
observed in the control subjects (Table 1). She developed no symptoms. 
About 10 days before the study of chloride excretion was made she had 
been given 100 units of “Gonadogen” (a gonadotropic preparation of mare 
serum) Avithout any apparent effect on the sexual organs. 

Table 1. — Chlohides in Hypopituitahism and Other Conditions. 

Serum chloride-M. Eq. per.L. Third day, 4 hr. 

Patients without evidence . ■ • spec, chloride (as 

of adrenal disease. First day. Third day. NaCl) mg. per Symptoms. 

too cc. 


Cutler, Powers and Wilder 91 . 5-103 28-232 

28 cases 96.5 89.4 


R. N., Brucellosis . 

98 

98 

150 

0 

J. B., Brucellosis 

too 

102 

40 

0 

J. C., Anorexia nervosa 


100 

141 

0 

R. P., Coronary occlusion 

io 2 

96 

244 

0 

A. N., Pernicious Anemia 

101 

100 

216 

0 

M. K., Chronic sinusitis . 

104 

105 

100 

0 

Addison’s Disease 





Cutler, Powers and Wilder 


76.3-94.9 

382-593 


7 oases 


88.2 

489 


Hypopituitarism 





G. T., Hypopituitarism 

96 

95 

171 

0 

H. S., Pituitary tumor , . 

100 

92 

427 

+ 

J. D., Pituitary tumor 

106 

91 

494 

+ 

H. B., Pituitary tumor 

103 

96 

364 

0 

W. S., Pituitary tumor 

100 

90 

620 

0 

T. B., Pituitary tumor 

104 

90 

503 

+ 

A. B., Pituitary tumor 

94 

91 

690 

+ 


Case 2. — H.S., a Avhite male, aged 39, Avas admitted to the hospital 
September 3, 1937, with complaint of loss of ambition. He had aWays been 
OA'erweight and the beard had alAA'a3'’s been someAvhat scant3’', requiring 
shaAung only every 2 or 3 days. For 3 years he had noted increasing lassi- 
tude, hj'^persomnia, loss of libido and potentia. He had lost 20 pounds in 
Aveight. Necessity for shaving had been reduced to once a AA-eek. There had 
been no headache or Ausual symptoms. On examination, the temperature, 
pulse and respirations AA^ere normal. The blood pressure in recumbency was 
104 sjfstolic, 60 diastolic; standing, 70 sj^stolic, 50 diastolic. He AA^as some- 
what obese, with prominent hips and breasts. The skin aaas pale, smooth 
and of fine te.xture. The beard was sparse and inconspicuous. The pubic 
hair Avas thin and of feminine distribution. There Avas no hair in the axilla;, 
on the trunk or ex-tremities. The testicles were small and soft; the prostate 
Avas so small that it could not be identified Avith certainty. The red blood 
cells numbered 3,400,000; hemoglobin, 11.6 gm. per 100 cc.; Avhite blood cells, 
6000. The fasting blood sugar Avas 78 mg. %; i hour after 50 gm. of glucose 
by mouth, 126; 1 hr. 80, 2 hrs., 102; 3 hrs., 74; 4hrs., 78; ohrs., 73. Blood 
cholesterol was 232 mg. %; serum chlorides, 626 mg. %; uric acid, 4.7 mg. %. 
The basal metabolic rate Avas -22%. Eoentgen-rays of the skull showed 
CAudence of a large pituitary tumor, AA'ith enlargement and erosion of the 
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sella turcica. The visual fields showed bitemporal upper quadrant defect. 
On October 15, 1937, craniotomy was done and a cystic pituitary tumor was 
exposed. Chocolate-colored fluid was aspirated and the capsule of the tumor 
was removed as far as possible. Histologic section showed a cystic pituitary 
adenoma of tlie chromopliobe type. T)je post-operative convalescence was 
uneventful. 

In January, 1939, the patient was re-admitted. Tliere had been little 
change in his symptoms. The beard had become more sparse and axillary 
hair had disappeared. Blood pressure was 100 systolic, GO diastolic. The 
basal metabolic rate was — 23 %. There had apparentlj'’ been Some decrease 
in the size of the testicles and furtlier decrease in the size of the prostate 
which could not be identified. On the third day of the low salt diet the 
semm chloride decreased to 90 m. eq. and the concentration of salt in the 
urine was increased (Table 1). During the next day, the patient developed 
weakness, anorexia, nausea, vomiting, headache and the blood pressure 
fell to 70 systolic, 40 diastolic. S 3 Tnptoms were promptly relieved b}^ the 
intravenous injection of a mixture containing 1000 cc. of water, 10 gm. of 
sodium chloride, 50 gm. of glucose and 10 cc. of adrenal cortex extract. 

Case 3.— J.D., a 48-year-old man, was admitted to the hospital in Decem- 
ber, 1938, ■with complaints of "tired feeling and lack of pep.” These 
symptoms had been noted for several years but had been more marked during 
recent months. During the past 5 jmars sexual libido and potentia had 
been absent. Between 1924 and 1929 he had had severe intermittent head- 
ache which had been unexplained. There had been no recent headache 
or visual sjTOptoms. Significant physical findings included dry but soft, 
smooth skin, absence of body hair and scant pubic hair. Visual fields were 
normal. The blood pressure was 88 s^^stolic, 60 diastolic. The prostate was 
very small. The basal metabolic rate was —14%. The fasting blood sugar 
was 65 mg. %; hr. after 50 gm. of glucose by mouth, 101; 1 hr., 105; 2 hrs., 
91; 3 hrs., 58; 4 hrs., 71. Roentgen-ray examination of the skull showed a 
greatly enlarged pituitary fossa measuring 3.5 by 2.3 cm., with destruction 
of the floor of the sella turcica. On the third day of the chloride e.xcretion 
test he developed weakness, headache, nausea and vomiting. These syrnp- 
toms Avere relieved by the intravenous administration of 1000 cc. of physio- 
logical saline solution. 

Case 4.— W. vS., a 52-year-old man, was admitted to the hospital in March, 
1939, complaining of weakness, dizziness, fatigue and loss of appetite^ of 
about 4 months’ duration. There had been some diminution of sexual desire. 
He had lost several pounds in weight. There had been no headache or visual 
symptoms. The skin was of normal texture. Hair distribution was normal. 
The Ausual fields were full. The blood pressure was 114 systolic, 80 diastolic. 
The testes were small. The prostate was markedly atrophic. Roentgen-rays 
of the skull showed enlargement of the sella turcica, with depression of the 
floor and thinning of the dorsum seUa. The basal metabohc rate ■was 
—28%. The fasting blood sugar was 77 mg. %; 4 hr. after 50 gm. of glucose 
by mouth, 111; 1 hr., 124; 2 hrs., 110; 3 hrs., 108; 5hrs., 69. Although the 
serum chloride fell to 90 m. eq. on the third day and the concentration of 
salt in the urine was high (Table 1), he developed no symptoms during the 
cMoride excretion test. _ .... 

Case 5. — H. B., a 55-jmar-old man, was admitted to the hospital in 193^, 
with complaint of headache and failing vision of 1 year’s duration. There 
had been loss of libido since 1934 and body hair had been lost. In December, 
1937, a pituitary cyst was evacuated. In February, 1939, he was readmitted. 
There had been slight improvement in vision but no other change in sjrap- 
toms. He was chronically ill in appearance. The skin was dry but smooth 
and of fine texture. The hair was sparse, the eyebrows thin and there -vv-as 
no axillary, body or pubic hair. There was bilateral optic atrophy. Vision 
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was lost except for the nasal half of the left field. The tongue was large 
and thick. The blood pressure was 102 systolic, 72 diastolic. The penis 
was small. Both testicles were small and soft. The prostate could not be 
identified. The basal metabolic rate was +4%. Blood cholesterol was 
227 mg. %. The fasting blood sugar was 74 mg. %; § hr. after 50 gm. of 
glucose by mouth, 116; 1 hr., 134; 2 hrs., 69; 3 hrs., 78; 5 hrs., 81. Roentgen- 
ray of the skuU showed marked enlargement of the pituitary fossa. The 
patient developed no symptoms during or after the chloride excretion test. 

Case 6.— T. B., a 49-year-old-man, was admitted to the hospital January 
29, 1939. In 1934 he had had craniotomy and partial removal of a chro- 
mophobe adenoma of the pituitary because of visual symptoms. After oper- 
ation vision had improved but during the past year the vision had again been 
failing and he had been having intermittent headache and occasional nausea 
and vomiting. The appetite had been poor and he had lost weight. There 
had been increasing sensitivity to cold and the skin had been dry. Axillary 
and body hair had disappeared and the pubic hair had become very scant. 
For several years there had been gradual decrease in sexual function; for 
18 months there had been complete loss of sexual libido and potentia. He 
had noticed that the penis had become small and that the testicles had become 
small and soft. On examination, he was pale and chronically ill in appearance. 
He was somewhat overweight. The skin was dry, soft and smooth. The 
eyebrows and beard were thin. There was no axillary or body hair. The 
pubic hair was very sparse. He was mentally dull and irritable. The right 
pupil did not react to light. There was bilateral optic atrophy, more marked 
on the right. Vision was lost except for the nasal half of the left field. The 
blood pressure was 90 systolic, 60 diastolic in recumbency; 72 systolic, 
58 diastolic sitting. The testes were small and soft, each about the size of 
a robin’s egg. The prostate was very small, flat and vaguely outlined. The 
basal metab^olic rate was — 37 %. The blood cholesterol was 480 mg. %. 
The fasting blood sugar was 86 mg. %; | hr. after 50 gm. of glucose by mouth, 
73 ; 1 hr., 75; 2 hrs., 64; 5 hrs., 95. Roentgen-ra 5 's of the skull showed marked 
enlargement of the pituitary fossa, with thinning and depression of the floor, 
thinning of the dorsum sella to paper thickness and erosion of the posterior 
clinoids. On the third day of the chloride excretion test he developed head- 
ache, weakness, irritability, nausea and vomiting. These were relieved by 
the intravenous administration of sodium chloride, glucose and adrenal 
cortex extract. During the next few days he was given extra salt by mouth 
(Chart 1). The chloride excretion test was then repeated with the daily 
administration of 5 cc. of adrenal cortex extract intramuscularly. The 
changes in the serum chloride and urine chloride concentration were modi- 
fied and he failed to develop symptoms. 

Case 7. — A. B., a _57-year-old man was admitted to the hospital in 
January, 1938, with lustory of 2 years’ duration of fatigue, weakness and 
weight loss. He had lost 60 pounds during the first 8 months of tlie illness 
and had developed marked anorexia, loss of hair, dryness of the skin, loss 
of sexual desire and increased sensitiidty to cold. Between June, 1936, and 
September, 1937, he took injections of various anterior pituitary extracts; 
during this time his appetite improved and he gained about 45 pounds in 
weight. The other s3Tnptoms remained about the same. Between Septem- 
ber, 1937, and January, 1938, he had been without treatment, had lost 20 
pounds and complained of increased fatigue, weakness and anorexia. On 
e.xamination, he was poorl}’’ nourished and appeared chronicaUj’’ iU. The 
skin was dry, smooth and of fine texture. The hair was thin and sparse. 
The blood pressure was 85 systolic, 58 diastolic. The weight was 70.4 kg. 
Roentgen-ray of the skuU showed marked enlargement of the pituitary fossa, 
with thinning of the floor and of the dorsum sella. The basal metabolic 
ratewas— 30%. Blood cholesterol was 250 mg. %. The fasting blood sugar 
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was 71 mg. %; I hr. after 50 gm. of glucose by mouth, 180: 1 hr., 125; 
2 hrs., 61; 3 hrs., 62. 

In Januarj'^, 1939, he was readmitted. During the past year he had been 
given intramuscular injections of an anterior pituitary extract 3 times 
weekly and had taken 2 grains of dessicated th 3 Toid dail 3 \ In spite of such 
treatment he had lost 40 pounds in weight and had developed extreme 
anorexia, marked weakness and fatigue. There was absence of sexual 
desire and potenc 3 ^ He was abnormall}'^ sensitive to cold and had ceased 
to perspire. He had noted decrease in size of testes and penis. On examina- 
tion, he was apathetic, depressed and irritable. He appeared emaciated 
and chronically ill. Weight was 52 kg. The skin was dry, and smooth. 
The beard was sparse. There was ho axillar}'^ or l3ody hair. There were 
a feiv fine, long hairs on the arras. Tlie pubic hair was scant and of feminine 



concentration in 2 patients with hypopituitarism before and after the administration 
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distribution. The blood pressure was 108 systolic, 60 diastolic in recumb- 
ency; 92 sj^stolic, 64 diastolic standing. The penis was small. The tpstes 
were atrophic, measuring about 2 by 4 cm. The prostate was very small 
and flat. The basal metabolic rate was —42%. The fasting blood sugar 
was 62 mg. %; Uir., after 50 gm. of glucose by mouth, 159; 1 hr., 102; 
2 hrs., 50 ; 3 hrs., 54. On the third day of the clfloride excretion test he became 
nauseated, vomited 3 times and was weak, apprehensive and exhausted. 
These symptoms disappeared after the intravenous administration of 
fluid, salt, glucose and adrenal cortex extract. 

During the following 25 da^-^s he was given 2 cc. of adrenal cortex e.xtract 
and took 10 gm. of extra salt daily. He returned on February 14tli and 
reported increased appetite, increase in strength and an improved mental 
outlook. Tlie ph 3 ^sical findings were essentially as before except that the 
blood pressure was 130 systolic, 84 diastolic. The basal metabolic rate had 
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increased to - 1 1 % (2 determinations) . The weight was 53 kg. The second 
chloride excretion test showed modifications in the serum and urine choride 
changes (Chart 1). This time he developed no 'symptoms. 

He continued to take 1 cc. of adrenal cortex extract intramuscularly 
and 10 gm. of extra salt by mouth daily. On April 11, 1939, he weighed 
66 kg., having gained 31 pounds. He had developed a ravenous appetite, 
had improved markedly in strength and endurance and was enthusiastic, 
cheerful and encouraged in contrast to the previous apathy and depression. 
The systolic blood pressure had increased to between 140 and 160, the 
diastolic to between 80 and 88. 

Discussion. Table 1 shows a summary of the observations of 
serum chloride and urine chloride concentration in the patients 
with hj'popituitarism and in a group of control subjects without 
evidence of endocrine disease. In the control group, there was no 
significant change in the serum chloride levels and the excretion 
of salt in the 4-hour specimens collected at the beginning of the third 
day w^as in the range observed by Cutler, Power and Wilder’^ in a 
larger group of similar subjects. The first patient with hjqiopitu- 
itarism, in whom the hj^pophysis had been removed some years 
before, showed a normal response to the test. It is possible that 
the results may have been modified by the recent administration 
of Gonadogen. Each of the other 6 patients with hj’popituitarism 
showed significant decreases in serum chloride during the period 
of chloride depletion and a high concentration of salt in the 4-hour 
third day urine specimen in the range found by Cutler, Power and 
Wilder to be characteristic of adrenocortical insufficiency. Eour 
of these 6 patients developed symptoms suggesting those of the 
Addisonian crisis, associated with decrease in the serum chloride 
level. These symptoms were promptly relieved by the intravenous 
administration of sodium chloride, glucose and adrenal cortex 
extract. In 4 patients in whom the serum sodium was determined 
it Avas found to be decreased on the third day of salt depletion. No 
significant changes in the non-protein nitrogen or the carbon dioxide 
combining power of the blood were obserA^ed. 

In 2 of the patients who had dcA'^eloped s^'^mptoms the test Avas 
repeated after the administration of salt and adrenal cortex extract. 
During the first period of salt depletion 1 patient (T. B.) had devel- 
oped symptoms on the third day AA^hich Avere relicA’^ed by the admin- 
istration of salt and adrenal cortex extract. After scA'^eral days of 
high sodium chloride intake, the test AA'^as repeated Avith the daily 
administration of 5 cc. of adrenal cortex extract. The results AA'ere 
modified in that the serum chloride IcA^el fell to 95 rather than to 
90 m. eq. and the concentration of salt was loAA'er than in the first 
experiment, but still in the abnormal range. This time he dcA’^eloped 
no symptoms. The second patient (A. B.) deA^eloped symptoms 
on the third day of the test Avith a serum chloride level of 91 m. eq. 
He left the hospital and for 25 days took extra salt and adrenal 
cortex extract daily. Repetition of the test resulted in a modifica- 
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tion of the serum and urine chloride changes (Chart 1) and he devel- 
oped no symptoms. The continued administration of salt and adrenal 
cortex extract resulted in striking clinical improvement and gain in 
weight. The doses of adrenal cortex extract which were used were 
so small that one suspects that the modifications in chloride excretion 
and the striking clinical improvement in the second patient may have 
been due to the extra salt intake as much as to any specific effect 
of adrenocortical substance. 

These observations appear to confirm the impression that limita- 
tion of adrenal function occurs in hypopituitarism and suggest that 
this factor should be taken into consideration in the treatment of 
such patients and in the differential diagnosis of hj^iopituitarism 
and Simmonds’ disease. There may, however, be other factors in 
pituitary disease which conceivably might influence the electrolyte 
balance. For example, Thorn and Engle^® have shorni that the 
sex hormones, progesterone, testosterone and the cestrogens, as 
well as the adrenocortical principle may cause retention of electro- 
lytes in the normal and adrenalectomized animal and in patients 
with Addison’s disease. Although experimentally the sex hormones 
are effective only in relatively large doses, the question is raised 
as to whether the changes observed in this group of patients may 
have been associated with secondary gonadal as well as adrenal 
insuflhciency. In none of the patients with hyqiopituitarism was 
there' evidence of pulmonary or renal disease or of involvement of 
the hypothalamus or posterior pituitarj’- which might have influ- 
enced salt excretion. 

Summary, Six of 7 patients with clinical h 3 ^popituitarism, when 
studied under standard conditions of salt depletion, showed increased 
concentrations of chloride in the urine similar to that which has 
been found to be characteristic of adrenocortical insufficiency. 

Four of the 6 patients deyeloped symptoms suggesting those of 
Addisonian crisis. These symptoms were promptly relieved by the 
intravenous administration of sodium chloride, glucose and adrenal , 
cortex extract. 

In 2 patients symptoms failed to occur and chloride excretion was 
favorably modified after the administration of sodium chloride and 
adrenal cortex extract. One patient exTierienced striking clinical 
improvement during the administration of sodium chloride and 
adrenal cortex extract. 

These observations are interpreted as confirmatoiy evidence of 
the occurrence of chronic adrenocortical insufficiency in clinical 
hypopituitarism, presumably secondary to withdrawal of the adreno- 
tropic anterior pituitary principle. 

The author is indebted to Drs. C. A. Elden, E. Lie, W. P. Van Wagenen and J. R- 
Williams for the privilege of studying patients who had been under their care. 

The adrenal cortex extract used in this study was provided by The Upjohn Com- 
pany. 
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THE AMOUNT OF LYMPHOID TISSUE OF THE HUMAN 
APPENDIX AND ITS WEIGHT AT DIFFERENT 
AGE PERIODS. 

By Joseph M. S. Hwang, B.S., M.D.,* 

AND 

Edward B. Krumbhaar, M.D., Ph.D., 

PHILADELPHIA, PA. 

(From the Department of Pathology, Graduate School of Medicine, University of 

Pennsylvania.) 

This presentation is part of a general study of the morphologic 
changes of human lymphatic tissue at different ages, an investiga- 
tion stimulated by a consideration of the problems in ageing, in the 
book of that name edited by E. V. Cowdry.® Though the lymphatic 
tissue taken as a unit is probably one of the largest organs of the body, 
being said to be even larger than the liver, its widely scattered dis- 
tribution and rapid response to environmental change make quan- 
titative studies difficult. For instance, while it is accepted that the 
various lymphatic tissues of the human body begin to retrogress 
at different periods in the life cycle, actual figures on the subject are 
extremely meager. As an example of retrogression differences, the 
thymus, one of the components of this complicated system, has 
already begun its involutionary changes before sexual maturity and 
while the lympathic tissue elsewhere is still developing toward a 
maximum. Having completed a study in the spleen, which analyzed 
the weights of 4000 supposedly normal spleens and the amount of 
splenic lymphatic tissue in. 300 violent deaths at different ages,® we 
now offer the results of a similar study on the appendix. Difficul- 
ties in obtaining “normal” material and the time and the labor 
involved in securing the necessary data are apparently" the main 
reason that these problems have not already been adequately studied. 

Muthmann’s study of the appendix' led him to the view that 
regression starts early in childhood, while Berry and Lack® and 

* Piirt II of thesis submitted to the Faculty of the Graduate School of Medicine 
of the University of Pennsylvania in partial fulfillment of the requirements for grad- 
uate work in Pathology' for the degree of Doctor of Medical Science (D.Sc, (Med.)). 
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Cornel’^ found that it began later in life. Stefanelli® claimed that 
normally no lymphatic follicles could be found in the appendix 
after the age of 75, while the latest study of Bernardo-Comel- found, 
as we have also (Chart 1), that they persisted throughout life. 
Because of such sparse and yet divergent experiences, and the 
differences in methods and material, much of it being from diseased 
organs or from autopsies after death from disease, a more rigidly 
controlled investigation seemed desirable. 

Methods. Human appendices from 30(7 cases of sudden, wolent deaths, 
excluding individuals who were found either from the histor}'- or postmortem 
examination to have any recognizable disease or to have survived more than 
10 hours after the violence, were studied by the methods outlined in the 
spleen study. In this material, chief causes of death were automobile acci- 
dents and gun-shot wounds (excluding those of the abdomen) ; except for 
a few cases of carbon monoxide poisoning, all poison cases were excluded. 
Each appendix was placed in formalin with a portion of the cecum and the 
mesoappendix attached, ensuring that the whole appendix had been received. 
The cecum and mesoappendix were removed before the appendix was 
weighed. This affords weight comparisons between the appendices studied 
here, but not between these and unfixed appendices, as organ weights change 
considerably during and after formalin fixation. Blocks were taken from 
each appendix at three different levels (proximal, middle and distal). All 
of these blocks included the lumen. The blocks were embedded in paraffin, 
sections cut at approximately 6 ^ in thickness, stained with Harris' hematox- 
ylin- and eosin, and low power fields (S.6X) projected for outlining, as in 
the spleen study. Three outlines were traced; the walls of the appendices, 
their included lymphatic follicles, and the “pale centers," if present; the 
areas of the total cross section, the lymphatic follicles, and the pale centers 
were afterwards measured with the planimeter. Further details of the 
method can be found in the spleen article. 

The percentage of lymphatic tissue as a whole in the section is 
termed the ‘ ‘gross” percentage and that from which the “pale centers” 
had been deducted, the “net.” The weight of the lymphatic tissue 
was calculated by multiplying the weight of the organ by the percent- 
age of lymphatic tissue found. The marginal zone {Amsenrandzone) 
encountered in the splenic series was not met with in this series, and 
the traced areas were found to be sharply defined. Beyond the 
follicles the mucosal zone contained only a few isolated lympho- 
cytes, so that the estimation of the follicular areas as representing 
the total lymphatic tissue was less open to subjective error than in 
the case of the spleen study. For comparison, in 10 cases sections 
were also made longitudinal^^ or parallel to the long axis of the 
appendix, as a control for variations not covered by this procedure, 
and in 6 cases cross sections were made at various levels between 
the proximal and distal sections. We found that the percentages 
obtained in these controls were not significantly different from those 
found in the three standard sections described above. The larger 
total amount of lymphatic tissue obtainable in the longitudinal 
sections would have constituted preferable material, had it not been 
for the unavoidable damage to the mucosa while spreading the fixed 
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specimen; thus, of course, vitiating the percentages obtained. In 
about 90% of the specimens received, the lumen contained yellowish 
fecal material; most of these appendices had a smaller external 
circumference at the middle portion than at either the proximal or 
the distal ends. 

Each specimen was studied microscopically before projection for 
signs of acute or chronic inflammation, fibrosis, and other definite 
lesions. Where any such lesions were present, the material was 
discarded (more than 70 appendices bejmnd the 300 analyzed). 
Those that had many "pale centers” were scrutinized for disease with 



Chart I. — “Gross” percentage of lymphatic tissue of the human appendix at 
different ages in 300 cases of violent deaths. Dots indicate individual percentages, 
the curve indicates the mean for each decade. 


special care, though it was eventually found that they exliibited 
lesions in no greater numbers than did the rest of the material. 

Results, Fortunately the material ivas distributed fairlj" evenly 
among the different age groups, with the exception of cases in the 
first year of life and those over 80, Except for these and the 71-80 
age group (Group \HI), in which the cases numbered 14, all groups 
contained not less than 30 cases each. 

The “gross” percentage of lymphatic tissue, as shown by Charts 1 
and 2, starts at a maximum in the first decade. The single case 
less than one year old, showed a small percentage of lymphatic tissue, 
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just as in the splenic series at that age; it is probable that a larger 
number of cases at this age would show a low average percentage in 
the first year of life. The lymphatic percentage drops sharply in 
the second and third groups, and then very slowly though steadily 
until the seventh group, where a small elevation of the curve is 
noticed. A difference between the “gross” and “net” percentages 
of lymphatic tissue (i. e., due to existence of “pale centers”), and 
also between the “gross” and “net” weights was readily observable 
only in the first two groups (1-10 and 11-20 years). 



C/uier X 

Chabt 2. — “Gross” and “net” percentages and calculated weights of lymphatic 
tissue in the appendix at different ages. 


It is also of interest to note that a number of appendices over 
40 years showed considerable fatty deposits in the submucosa. These 
we included in our series, though their presence, of course, influenced 
both the mean percentages and absolute weights. However, this 
may be a phenomenon of the actual ageing process of the appendix 
and thus of its included lymphatic tissue. 

About 3% of our specimens showed more or less obliteration of 
the lumen. These 9 appendices all fell in the last three age groups. 
In spite of the obliterations, characterized by thin strands of 
fibrous tissue with included fatty deposits, no other abnormalities 
could be found, though they always showed a minimum amount of 
lymphatic tissue. 
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Table 1.— Lymphatic Tissue of Appendix at Different Ages in 300 Cases of 

Violent Death. 


Absolute weight. Percentage. 


Group. 

No. 

Mean.* 

Standard 
error of 
mean. 

No. 

Mean. 

Standard 
error of 
mean. 

0 (0-1 yr.) 

1 

0.21 


1 

12.1 


I (1-10 yrs.) 

“Gross” . 

36 

0.97 

0.05 

36 

31.4 

1.9 

“Net” . 

36 

0.87 

0.04 

36 

28.4 

1.65 

II (11-20 yrs.) 

“Gross” . 

39 

0.80 

0.075 

39 

22.1 

1.2 

“Net” 

39 

0.79 

0.075 

39 

20.9 

1.2 

III (21-30 yrs.) 

“Gross” . 

40 

0.53 

0.070 

40 

13.7 

1.0 

“Net” 

40 

0.52 

0.070 

40 

13.5 

1.0 

IV (31^0 yrs.) 

“Gross” . 

46 

0.31 

0.03 

46 

11.3 

0.8 

“Net” 

46 

0.31 

0.03 

46 

11.3 

0.8 

V (41-50 yrs.) 

“Gross” . 

45 

0.29 

0.03 

48 

9.4 

0.8 

“Net” 

45 

0.28 

0.025 • 

48 

9.3 

0.7 

VI (51-60 yrs.) 

“Gross” . 

42 

0.22 

0.03 

42 

7.4 

1.0 

“Net” 

42 

0.22 

0.03 

42 

7.4 

1.0 

VII (61-70 yrs.) 

“Gross” . 

. 32 

0.13 

0.02 

32 

5.5 

0.85 

“Net” 

. 32 

0.13 

0.02 

30 

5.5 

0.85 

VIII (71-80 yrs.) 

“Gross” . 

. 14 

0.16 

0.04 

14 

6.5 

1.35 

“Net” 

. 14 

0.16 

0.04 

14 

6.6 

1.35 

IX (81-90 yrs.) 

“Gross” . 

2 

0.48 


2 

21.3 



* The mean absolute weight in each group was obtained from absolute weights 
calculated for each individual, rather than by multiplying the group means of appen- 
dix weights by the lymphatic percentages. 


The single appendix from an infant less than one year old had 
definitely less lymphatic tissue than the other appendices of the 
first decade. The two specimens from persons over 80 happened 
to have more lymphatic tissue than those of the previous decade 
(see statistical analysis). 

Analysis according to sex revealed that the percentage and abso- 
lute weight, both the “gross” and “net,” were significantly lower 
in the female than in the male (Table 2). 

The weight of the appendix (Table 3, Chart 3) reached its maxi- 
mum in the second age group (11-20 years), and thereafter receded 
gradually and steadily. Tables 1 and 3 show that the calculated 
gross lymphatic weight dropped 17% from Group I to Group II, 
while the total weight of the appendix showed a rise of 45%; from 
Group II to Group III the lymphatic tissue revealed a drop of 34% 
while the appendiceal weight attained a drop of only 13%; and from 
Group III to Group IV, a 41% drop was found in the lymphatic 
weight, but only a 10% drop in the weight of the appendix. From 
Group V on, the loss in both the lymphatic and appendiceal weights 
runs practically parallel. 
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Table 2. — “Gross” and “Net” Lymphatic Weights and Percentages Analyzed 

According to Age and Sex. 



No. of cases. 


Lymphatic 

weights. 

Lymphatic percentages. 

Group. 

' Male. 

Female. 


Male. 

Female. 

Male. 

Female. 

I 

26 

10 

“Gross” 

1.01 

0.88 

32.9 

27.3 




“Net” 

0.91 

O.SO 

30.6 

21.8 

II 

32 

7 

“Gross” 

0.S6 

0.57 

22.6 

20.3 




“Net” 

0.84 

0.55 

21.4 

19.5 

III 

31 

9 

“Gross” 

0.54 

0.49 

13.7 

12.7 




“Net” 

0.53 

0.49 

13.5 

12.5 

IV 

39 

7 

“Gross” 

0.33 

0.23 

11.5 

10.3 • 




“Net” 

0.33 

0.23 

11.5 

10.3 

V 

42 

6 

“Gross” 

0.30 

0.24 

9.2 

11.2 




“Net” 

0.29 

0.23 

9.1 

11.1 

VI 

34 

8 

“Gross" 

0.23 

0.27 

7.1 

8.6 




“Net” 

0.23 

0.27 

7.1 

8.6 

VII 

26 

6 

“Gross” 

0.14 

0.10 

5.6 

5.2 




“Net” 

0.14 

0.10 

5.6 

5.2 

VIII 

13 

1 

“Gross” 

0.17 

0.05 

6.8 

3.4 


Statistical Analysis. The peak of the curves of both percentage 
and calculated absolute weight of the lymphatic tissue is in the 1-10 
year old group (Table 1, Chart 2). 

In the curves of the absolute lymphatic weights, both “gross” 
and “net,” in Groups I to IV (Table 1, Chart 2) the means are both 
steadily and significantly different from each other (i. e., in each 
case the difference of the means is greater than twice the standard 
error of the mean). 

The curve of “gross” lymphatic weights for Groups I to IV inclu- 
sive is sharply down grade, with a regression coefficient of —0.23. 
From Group IV to Group VIII, the slope is more gradually downhill 
—but definitely so— with a regression coefficient of —0.175 and a 
standard error of the regression coefficient of 0.02. As the value of 
— 0.075 is about four times 0.02, the slope is definitely downgrade, 
the regression coefficient of a horizontal line being 0 (Table 1). 

The values for the 2- cases in Group IX (not on chart) are much 
greater and about at the limit of significant difference from those 
of Group VIII. However, this cannot be taken as indicating a' 
tendencj' of lymphatic tissue to increase at this age period, unless 
confirmed by a much larger number of cases. The rise in Group 
VIII is not statistically significant. The lessened downward tend- 
ency in Group V is of interest as occurring at about the same age 
as a more definite hump in the curve of splenic lymphatic tissue. 

Table 3.- — Weights of Appendices at Different Ages. 


Gm. 

Group. (6xed in formalin). 

I 2.57 

II 3.74 

III 3.23 

W 2.89 

V 2.73 

VI 2.54 

Vn 2.05 

VIII 2.04 
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The curve of the “gross” percentages of lymphatic tissue is much 
the same as that of the absolute Aveights, but the sharper decline 
stops one group earlier, at Group III rather than Group IV. There- 
fore, the regression coefficient of the first three groups is —8.8; of 
Groups III-VIII is —1.45 AAuth a standard error of the coefficient 
of 0.28. 

The curves of the "net” pereentages {i. e., excluding the “pale 
centers”) are much the same as those of the “gross” percentages. 
The only difference is a considerably and significantly loAver A'^alue 
in Group I, and a smaller difference in Group II. 

Discussion. In the present series, except for the cases in the first 
feAV months of life and those over 70 years of age, there are about the 
same number of cases in each age group, and enough for adequate 
statistical study. We recognize a handicap that seems insurmount- 
able in such a study, namely that in an uncertain number of cases 
both total AA^eight and percentage of lymphatic tissue may have 
been permanently modified by the effects of previous inflammation 
without leaving telltale signs. The results haA’-e proven, hoAvever, 
to be more consistent than in the spleen study, Avith a corresponding 
increase in significance. There is apparently a steady decrease in 
the lymphatic tissue of the appendix throughout life, after the 
maximum has been reached in the first age group. As in the case 
of the spleen material, the lymphatic tissue is apparently small in 
the first feAV months of life, though aa^c have not had adequate mate- 
rial to be certain on this point. 

Subtraction of the “net” from the “gross” figures on the lymphatic 
tissue gives an estimate of the amount of space occupied by the 
“pale centers.” Only in the first decade (to a lesser extent in the 
second decade) do these play any noticeable role. The interpreta- 
tion of these observations depends on Avhat these “pale centers” 
are taken to represent. As indicated in our preAUOus treatment of 
this subject, aa-c belicA^e that they may under different circumstances 
either serve as true lymphoblastic tissue, so-called “germinal centers,” 
or more frequently as “reaction centers” made up of elements of 
the reticulo-endothelial system. From this point of AoeAV, the 
“pale centers” in the first age group are taken to be lymphoblastic, 
at a time AA’hen the young lymphatic tissue is actiA’^ely hyperplastic. 
The absence of the “pale centers” in later life {i. e., Avhen they are 
regarded as usually being “reaction centers,”) is taken as a further 
indication of the normal quality of the material (f. e., absence of 
inflammatory processes in the body at the time of the Auolent death). 

The gross AA-eight of the 300 appendices also showed a steady de- 
cline after an initial increase from the first to the second decade of 
life. In the “spot” chart of individual appendix Aveights (Chart 3) it 
Avill be seen that there is a marked increase in appendiceal AA'eight with 
the fourteenth year, an indication in accord Avith the observations of 
other authors, and also AA’ith our spleen material (see the “spot” 
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cliart of that study), that human lymphatic organs tend to increase 
markedly in weight at the time of puberty. Analysis of the decline 
in total appendix weight after puberty shows that it is not as marked 
as that of the lymphatic tissue within the appendix in the same age 
periods. 

The maximum weight of the organ and of its lymphatic tissue 
eontent (in the first decade of life, when taken by decades) appears 
to be reached earlier than in the other lymphatic tissues of the body, 
excepting the thymus. This, however, is not altogether incompatible 
with the generalization that infections tend to be most prevalent 



Chart 3. — The "sveights of the formalin-fixed appendices at different ages in the 
300 cases. Dots indicate individual weights, the curve indicates the mean for each 
decade. 


at ages when lymphatic tissue is abundant. Appendicitis is rare 
in infancy when appendiceal lymphatic tissue appears to be scanty; 
it is not infrequent in the prepubertal period, and, according to 
Ashhursth is commonest from 10 to 30 years. When the other factors 
that contribute to appendicitis are taken into account, this will be 
seen to constitute a fairly good correlation. Its significance is quite 
another matter; it is difficult to understand why the individual 
should be most susceptible at a time when a system that is accepted 
as being a defense mechanism is at or near its maximum. This 
discrepancy is even more difficult to understand in the case of the 
appendix than in that of the tonsils, where the persistence of foci 
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of infection and distortion from previous attacks undoubtedly play 
a greater role in frequent attacks than they do in the appendix. 

Analyzed according to sex, the calculated weight of the lymphatic 
tissue in the appendix is significantly less in females, though this 
observation is weakened by the smaller number (about 25%) of 
females in the series and by the absence of data on the total body 
weights. Up to the forty-first year, the lymphatic percentages are 
also less in the female than in the male. Analyzed according to 
sex, the gross weights of our 4000 spleens are in accord with the 
appendix figures, in that the female spleens are lighter than the male 
spleens, and the difference in spleen weights is greater than that of 
the total body weights of the two sexes. The reason for these 
differences is not apparent. 

We were especially interested in comparing the amount of lympha- 
tic tissue in the appendix in the later decades of life. In our spleen 
studies, we found suggestive increases (or a tendency to level off 
the falling curve) in the age periods between 50 and 65 years. The 
present study, however, fails to show such a change (the slight level- 
ing from 41 to 50 years being insignificant) ; and thus gives no support 
to the suggestion raised by our spleen material and occasionally 
found in the literature, to the effect that there is a tendency for 
the lymphatic tissue to show a secondary increase in later life. 

Summary and Conclusions. 1. The amount of lymphatic tissue in 
the human appendix has been studied in 300 persons dying violent 
deaths, and analyzed according to eight age groups and to sex. 

2. The percentage of the lymphatic tissue and its calculated 
weight were found to be greatest in the first age group (1 to 10 years) 
and to diminish fairly steadily throughout life. The later secondary 
rise found in our spleen material was not observed. 

3. The appendix attains its maximum weight in the second decade, 
about the age of puberty, and then decreases in weight throughout 
life, but less markedly than does its lymphatic tissue. 

4. The female appendix apparently contains less lymphatic 
tissue than the male throughout life. 

We are extremely grateful to the following medical examiners and coroner's physi- 
cians for their generous help in furnishing material: Dr. Helpern, of the Manhattan 
Medical Examiner’s office; Dr. Werne, of the Jamaica, L. I., office; Dr. Leary, of 
Boston; Drs. Wadworth, Crane, and the other coroner’s physicians of Philadelphia. 
We also wish to thank Miss Isabel Hasslcr and Miss Ruth King for their technical 
help, and Mr. M. S. Abel for statistical assistance. 

REFERENCES. 

(1.) Ashhurst, A. P. C.: Surgery, Philadelphia, Lea & Febiger, 4th cd., 1931. (2.) 

Bemardo-Comel, M. C.: II tessuto linfoide dell’ appendice umana nell varie eta 
della vita, Inst. Anat. d. I’Unft'. R. di Milano, 1937; Abstr. in Omnia med., 15, 407, 
1937. (3.) Berry, R. J. A., and Lack, L. A. H.: J. Anat. and Phvsiol., 40, 247, 1900. 

(4.) Comer, E. M.; Brit. Med. J.. 1, 325, 1913. (5.) Hwang, j. M. S., Lippincott, 

S. W., and Krumbhaar, E. B.: Am. .1. Path., 14, S09, 193S. (6.) Krumbhaar, E. B.: 

Ljunphatic Tissue, in E. V. Cowdrj-’s Problems of Ageing. Baltimore. The Williams 
& Wilkins Company, 1939. (7.) Muthmarm, E.: Anat. Hcfte, 48, Go, 1913. (8.) 

Stefanelli, C.: Policlinico (sez chir.), 43, G44, 1930. 



84 TUFr; intracutaneous method of typhoid vaccination 


FURTHER STUDIES OF THE INTRACUTANEOUS 3VIETHOD 
OF TYPHOID VACCINATION.* 

By Louis Tuft, M.D., 

ASSOCIATE IN IMMONOLOGV, TEMPLE TINIVEHSITY SCHOOL OF MEDICINE; CHIEF OF 
CLINIC OF ALLERGY AND APPLIED IMMUNOLOGY, TEMPLE UNIVERSITY HOSPITAL, 

PHILADELPHIA, PA. 

(From the Clinic of Allergy and Applied Immunology, Temple University Hospital 

and Medical School.) 

In 1932, Yagle, Rogers and the author^ reported the results of a 
comparative studji of the antibody response after the administra- 
tion of a mixed typhoid vaccine by the intracutaneous, subcuta- 
neous, intramuscular, intravenous and oral routes. This study 
indicated that insofar as agglutinins and complement-fixing anti- 
bodies were concerned the response was uniformly better and more 
persistent after local injection. This was particularly true of the 
intracutaneous route, even though the total dose by this method 
was only one-fifth of that given subcutaneouslji or intramuscularly. 
These observations helped to substantiate the fact as indicated by 
other experiments and by a review of the literature which the 
author reported in 1931,®“ that the skin was an extremely important 
immunologic organ and that it participates very actively in anti- 
body production. This conception of the skin as an active agent 
in immune antibody production as well as our demonstration of 
the marked antibody production after intracutaneous injection of 
typhoid vaccine suggested the utilization of this route of adminis- 
tration in routine typhoid immunization. A study of the response 
of more than 100 individuals who were given four doses (0.05, 0.1, 
0.15 and 0.2 cc.) of typhoid vaccine intracutaneously at weeldy 
intervals indicated that this method of vaccination gave a satisfac- 
tory immunologic response; also that the injections were accom- 
panied by considerably less local reaction and by almost complete 
elimination of those annoying constitutional symptoms that follow 
other methods of administration. Because of these advantages, it 
was suggested that the intracutaneous method be used in typhoid 
immunization instead of the subcutaneous or intramuscular routes.®'’ 

Subsequent to the publication of these studies, additional verifi- 
cation of the efficacy of the intracutaneous route of immunization 
was furnished by its employment for purposes of active immuniza- 
tion in the lower animal as, for example, with pneumococcus vaccine. 
Likewise, Kern and his co-workers, encouraged by our results with 
typhoid vaccine, successfully utilized the intracutaneous method in 
active immunization against diphtheria with diphtheria toxoid® and 
against scarlet fever with scarlet fever streptococcus toxin.® They 

* Read at Section on Medicine, College of Physicians, Philadelphia, February 27, 
1939. 
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were able to show that positive reactors could be rendered Schick- 
and Dick-negative by the intracutaneous administration of much 
smaller doses; furthermore, there occurred a marked reduction or 
almost complete elimination of those discomforting and at times 
severe local and constitutional reactions that were so frequent, 
especially in adults. 

Prior to the time of our original publication, most of the immuno- 
logic studies in typhoid infection or after typhoid vaccination usu- 
ally were concerned with the agglutinin response as a whole without 
attempting to difFerentiate the type. In recent years, more atten- 
tion has been given to their differentiation as originally proposed 
by Felix, ^ into a species-specific somatic or “0” agglutinin and a 
type-specific flagellar or “H” agglutinin. Felix and others^'"* have 
shown that the 0 agglutinin appears earlier and in higher titer in 
frank typhoid infection than the flagellar or H agglutinin and seems 
to indicate a more favorable prognosis. The H agglutinin, on the 
other hand, was produced in higher titer than the O antibody in 
vaccinated individuals. Contrary to the original conclusion of 
Felix, that 0 agglutinins do not appear in vaccinated individuals, 
observations, particularly by Dulaney and his co-workers, ^ and by 
Perry ha\'’e shown that these antibodies do appear in vaccinated 
individuals. Perry’s report is of further interest to the present 
study because he showed that the H and 0 agglutinins appeared in 
equally high titers and that these titers were the same in the group 
of individuals given the vaccine intracutaneously in doses of 0.05, 
0.1 and 0.1 cc. as in those given the vaccine subcutaneously in doses 
of 0.5, 0.8 and 1 cc. at weekly intervals; also, one dose of vaccine 
(either 0.1 cc. intracutaneously or 1 cc. subcutaneously) given to 
previously vaccinated individuals was sufficient to increase the titer 
of both H and 0 agglutinins to a point beyond that of the non- 
vaccinated group; also, that these persisted in the blood for as long 
as a 3 ^ear in more of these individuals than in the non-vaccinated 
group. Furthermore, Perry confirmed my original observation that 
the intracutaneous injection of vaccine rarely resulted in a sj^stemic 
reaction, which was in contrast to that of the subcutaneously injected 
individuals. 

One of the difficulties in estimating the effectiveness of typhoid 
immunization from a laboratory standpoint is the necessity for 
depending entirely upon antibody response in vaccinated individu- 
als. This is unsatisfactory since the presence of agglutinins which 
are taken as the usual indicator does not persist in adequate amount 
for more than 3 to 6 months and in most instances are absent 
from the blood within a year. This does not mean, of course, that 
such an individual is not immune. Experience with vaccinated 
individuals in epidemics and especially in the army has indicated 
that actively acquired immunity of this tj-pe may persist for a 
much longer time. It is neither feasible nor desirable, of course. 
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to test the efficacy of vaccination in civilian life by direct exposure 
to infection: for this reason, any test which will shed some light 
on the protective power of the blood of such individuals would he 
more helpful. This has been furnished to some extent by the use 
of the mouse-protection test, employed originally for other organ- 
isms, but adapted for the tj^ihoid bacilli by Siler.® In this test 
the serum of the patient is injected intraperitoneally into mice 
followed in | hour by measured amounts of the causative organ- 
isms, using as controls mice which received only the organisms. 
If the serum prevents death of the mice from infection in certain 
dosage in comparison to the controls, it is taken as an indication 
that protective antibodies are present. 

In spite of the seemingly obvious advantages of the intracutaneous 
method of typhoid immunization as well as the definite evidence of 
satisfactory immunologic response, this method has not as yet been 
generally adopted. Before making further recommendations, it was 
decided to carry out studies designed to re-check our original 
observations as to the immunologic response to intracutaneous 
typhoid vaccination with additional observations as to the effect 
not only upon the H agglutinins but also upon the 0 agglutinins and 
upon the bacteriolytic power as measured by mouse-protection tests. 
Accordingly, the following studies were carried out: 

Procedure. 1. A group of 45 individuals who had never been immunized 
previously against typhoid were injected subcutaneously at weekly inter- 
vals with 0.5 cc., 1 cc., and 1 cc., respectively, of typhoid vaccine No. 97513 
containing 2000 million E. typhosus per cubic centimeter. A second group 
of 56 individuals who likewise had never been immunized previously 
against typhoid were injected intracutaneously at weekly inten'^als with 
0.1 cc., 0.15 cc. and 0.2 cc. of the same vaccine. Record was made of any 
marked local reaction or any constitutional symptoms occurring in either 
group. Three weeks after the last dose had been given blood was obtained 
and the serum examined for both H and O agglutinins. The 3-week interval 
was chosen because our previous studies as well as those of others had sho^vn 
that a satisfactory agglutinin titer could be expected at about that period. 

The examination of the sera for H and 0 agglutinin were conducted in 
the routine manner now being employed by the' Pennsylvania State Health 
Laboratories for the H agglutinins. A standard Dreyer antigen of a Grin- 
nel strain was employed, the tests incubated at 50° C. for 18 to 20 hours 
and read immediately after removal from the incubator. The highest 
dilution showing definite agglutination was taken as the titer. The pro- 
cedure for the 0 agglutinin was similar except that the antigen was pre- 
pared by alcoholic extraction of a No. 305 non-motile strain. The readings 
were also made in the same manner. 

2. Encouraged by the agglutinin response secured by subcutaneous and 
intracutaneous treatment with typhoid bacterin No. 97513, we proceeded 
with the treatment of two groups with a sensitized typhoid vaccine No. 
26063, also containing 2000 milhon E. typhosus per cubic centimeter. The 
indmduals in these groups had not previously received typhoid immuniza- 
tion. Bleedings were made before treatment and again 3 weeks after 
treatment. One^ group, designated as Group 1 and consisting of 19 mem- 
bers, received 0.5 cc., 1 cc., and 1 cc. at weekly interr^als subcutaneously. 
Another group, designated as Group 2 and consisting of 9 members, received 
0.1 cc., 0.15 cc. and 0.2 cc. at weekly intervals intracutaneouslyi The 
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bleedings obtained before and those obtained after treatment of both groups 
were separately pooled and tested for protective value by mouse protection 
tests. The protection values of the “before” and “after” sera of Group 1 
and the protective value of the “before” and “after” sera of Group 2 are 
shown in Table 2. In the protection tests 0.1 cc. of serum was injected 
intraperitoneaUy into mice, followed in i hour by varying concentrations of 
typhoid bacilli. A similar test was done upon each of 5 mice and the 
duration of survival noted. A pooled serum of 4 patients who previously 
had had typhoid fever was used as a control; in addition, the sarne number 
of organisms used as a test was injected into control mice without the 
addition of serum. Pooled sera were used in these experiments because of 
the fact that an enormous number of mice would have to be used if each 
individual serum was to be tested. 

After a rough estimate of the protective dose was obtained by the above 
method, additional mice were treated with serum and culture in the manner 
indicated in Table 3, in order to obtain a somewhat clearer end point. 

Table 1. 


Agglutinating titer of group never previously immunized against typhoid 3 weeks 
after receiving subcutaneously at weekly intervals 0.5 cc., 1 cc. and 1 cc. of typhoid 
vaccine No. 97513 containing 2000 million E. typhosus per cc. 


No. 

Ant. 

0. 

20. 

40. 

80. 

160. 

320. 

640. 

1280. 

2560. 

Av. 

45 

“H” 

0 

0 

0 

1 

1 

11 

15 

12 

5 

921 

45 

"0” 

10 

6 

9 

11 

3 

3 

1 

2 

0 

165 


Agglutinating titer of group never previously immunized against typhoid 3 weeks 
after receiving intracutaneously at weekly intervals 0.1 cc., 0.15 cc. and 0.2 cc. typhoid 
vaccine No. 97513 containing 2000 million E. typhosus per cc. 


No. 

Ant. 

0. 

20. 

40. 

80. 

160. 

320. 

640. 

1280. 

2560. 

Av. 

56 

“H” 

0 

0 

0 

2 

3 

12 

17 

11 

11 

1028 

56 

“0” 

12 

12 

9 

9 

3 

6 

5 

0 

0 

123 


Results. Antibody Stndies. These are indicated in the accom- 
panying tables. As indicated in Table 1, the H agglutinin response 
of individuals treated with bacterin No. 97513 was quite satisfactory 
in both subcutaneously and intracutaneously treated groups, with 
a little better response possibly in the intracutaneously treated 
group, since 11 of the latter sera shouted a titer of 2560, as con- 
trasted wdth only 5 of the subcutaneously treated group. The 0 
figglutinin response was much lower in both groups, being possibly 
somewhat less in the subcutaneously treated group. This low 
titer for 0 agglutinin is in accord ivith the experiences of others 
(except Perry) after typhoid vaccination. 

It was hoped that by administering one dose of vaccine (0.1 cc. 
intracutaneously or 1 cc. subcutaneouslj") to sufficient number of 
individuals previously vaccinated, additional evidence would be 
obtained to substantiate the findings of Perry as to re-vaccination. 
Antibody determinations were obtained only on 4 individuals in 
each group. These showed rather high agglutination titers (640, 
640, 1280 and 1280 in intracutaneous group; 320, 640, 1280 and 
1280 in subcutaneous group). This, of course, suggests a good 
response but is too small a group to warrant definite conclusions. 
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Table 2 shows the results of the protection tests on the two groups 
receiving sensitized vaccine No. 26063. It is to be observed that 
the intracutaneously treated group showed up a little better than 

Table 2. 


Results of protection tests of pooled blood taken before and after treatment with 
sensitized typhoid vaccine No. 260G3, 2000 million E. typhosus per cc. 


Group. 

Treatment 

status. 

Teat (lose. 

Survival (S) or hours 
after test mice died. 

Protection 

against. 

Serum, ' 
cc. 


1 

Sabcutaneous vaccine 

Before 

1 

0.1 

0.1 

100 

1,000 

10 10 10 10 24 
10 16 10 10 10 

None 

After 

0.1 

0.1 

0.1 

mtm 

s s s s s 

10 10 10 10 s 

10 10 10 10 10 

100 m.l.d.’s 

2 ' 
Intracutaneous vaccine | 

Before 

0.1 

0.1 


10 24 24 40 S 
10 10 24 24 24 

None 

After 

0.1 

0.1 

0.1 

100 
i 1,000 
10,000 

s s s s s 

10 24 24 S s 

10 10 10 10 16 

Between 100 and 
1000 m.l.d.'s 

Typhoid recovered 

■ 

■ 

s s s s s 

16 16 10 10 24 

16 16 16 10 16 

100 m.l.d.'s , 

5000 E. typhosus 

50.000 E. typhosus 

500.000 E, typhosus 

5 million E, typhosus 

10 24 24 40 S 

16 10 24 24 24 

16 10 10 16 16 

10 10 10 16 16 

5000 E. lypjiosus 
= 1 m.I.d. 


History of Culture used in Mouse Protection Tests, 

E. typhosus Stock Culture No. 2447 (U. S. Army Panama Carrier Strain). 
3 hours. Culture in Hygienic Laboratory Broth. 

Culture diluted to 1000 million per co. in 6% mucin. 

Injection dose, 0.5 co. 


Table 3. — Summaby op Pbotection Tests. 


Group. 

i 

1 

' Treatment 
status. 

! 

Test doses. 

Result. 

Protection 

against. 

! 

Serum. i 
cc. 1 

1 

M.l.d. 

Sur- 

vival. 

Death. 

Sur- 

vival, 

%. 

1 

Subcutaneous vaccine 

Before 

0.1 

0.1 

0.1 

100 

500 

1,000 

0 

0 

0 

■ 

0 

0 

0 

None 

After 

0.1 

0.1 

0.1 

0.1 

100 
500 1 
1,000 
10,000 

10 

1 ! 
1 1 
0 ! 

1 

0 

4 

9 

5 

100 

20 

10 

0 

SI. more than 

100 m.l.d.’s 

2 

Intracutaneous vaccine 

Before 

0.1 

0.1 

0.1 

mm 

2 

0 

0 

8 

5 

10 

20 

0 

0 

Less than 
' 100 m.l.d.’s 

After 

0.1 

0.1 

0.1 

0.1 

100 

500 

1,000 

10,000 

10 

1 3 

4 

0 

0 

1 2 

1 6 

5 

100 

1 60 

1 40 

0 

More than 100 
' but less than 
500 m.l.d.’s 

Typhoid recovered 

0.1 

0.1 

0.1 

0.1 


1 c 

0 

0 

0 

4 

5 

10 

5 

GO 

0 

0 

0 

Slightly less than 
100 m.l.d.'s 

« 
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the subcutaneously treated group and seemed even slightlj'’ better 
than that of the recovered typhoid patients. A^dlen these sera were 
subjected to further study as indicated in Table 3, it is evident that 
the serum of the subcutaneously treated group had protective power 
against very slightly more than 100 m.l.d.’s of typhoid bacilli, 
whereas that of the intracutaneously treated group had protection 
against definitelj'' more than 100 and slightly less than 500 m.l.d.’s. 
It is interesting to note that the protection in the latter group was 
greater than that of the convalescent typhoid sera. 

Reactions. These as a whole were distinctly less marked in the 
intracutaneous group, a finding which is in accordance with our 
previous experience. The local reactions usually were quite mild 
and only in one instance was it sufficient to cause much discomfort. 
Except for slight nausea in one instance, mild vertigo in a second 
and slight general malaise in a third, no other constitutional symp- 
toms were noted after a total of 168 doses had been given to the 
intracutaneous group. None of these individuals were in any way 
greatly incapacitated by these reactions. 

The reactions, both local and general, in the subcutaneous group 
were much more marked. Headache, fever and malaise, lasting 
48 hours, occurred in 5 instances; headache and malaise alone in 
3 other instances and urticaria in 1. Most of these occurred after 
the second dose of 1 cc. 

Comment. The results of these studies confirm our previous 
observations of the efficacy of intracutaneous tjqjhoid vaccination, 
even though at present 3 doses (0.1, 0.15 and 0.2) were used in 
place of the original 4 doses. The agglutinin responses, both H 
and 0, were just as good or even a trifle better after intracutaneous 
injection than after subcutaneous administration. The somatic or 
0 agglutinins were also stimulated in both methods but not to as 
great an extent as the H type: this conforms to the experience of 
Dulaney and his co-workers^ but is contrary to that of Perry^ who 
found that these antibodies were stimulated to as great a degree 
as the H. 

The results of the mouse-protection tests are quite interesting. 
Thej" indicate that the protective power of the blood likewise is 
increased by typhoid vaccination and that here again, the intra- 
cutaneous method shows up better than the subcutaneous. It is 
to be admitted, since we had to use pooled sera in our experiment 
because of the expense entailed, that these tests can only be con- 
sidered as rough guides or indicators of protective power; however, 
since this lack of sensitiveness applied equally to both groups, it 
still furnishes valuable evidence as to the efficacy of the intracu- 
taneous method. It is interesting to note in passing that the pro- 
tecti\'e power of the blood was better in both vaccinated groups 
than that of the blood of patients who previously had typhoid fever. 

Although the number of cases was small, the fact that 8 previously 
vaccinated individuals showed such good antibody response after 
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the injection of a single dose of vaccine (0.1 cc. for intracutaneous 
and 1 cc. for subcutaneous group) helps to confirm similar findings 
by Perry and indicates that this method may be used to advantage 
in typhoid re-vaccination. 

Finally, the marked difference in the degree of reactions in the 
two groups as well as the almost complete elimination of annoying 
constitutional s.^miptoms in the intracutaneous group confinns the 
author’s original observation of the advantages of the intracutaneous 
method of vaccination over the otlier routes of injection. 

Conclusions. Further studies of intracutaneous typhoid vaccina- 
tion confii-med the autlior’s original observations as to the efficacy 
of this method, both from an immunologic standpoint as well as in 
the marked reduction of complete elimination of annoying reac- 
tions. In addition, evidence of satisfactory increase of the protec- 
tive power of the blood and of stimulation of the somatic or 0 
agglutinins was provided. 

On the basis of these results, it is believed that the intracutaneous 
injection of 0.1 cc., 0.15 cc. and 0.2 cc. of the ordinary tj^^hoid 
vaccine is the most satisfactory of any of the methods for tA^phoid 
immunization and should be more widely used. A single dose of 
0.1 cc. seems adequate for immunization of previously vaccinated 
persons. 

Finally, the author wishes to express his grateful appreciation to 
Dr. Wenger, Dr. Ginsburg and all the others whose help was so 
invaluable in the technical performance of these studies. 
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THE NATURAL HISTORY AND DIAGNOSIS OF GASTRIC ULCER.* 
By j. L. Drossner, hl.D., 

SMITH, KLIXE AXD FRENCH FELEOW IN GASTRO-ENTEROLOGY, 

AND 

T. Grier Miller, M.D., 

PROFESSOB OF CUINICAl. MEDICINE, PHinADELPHIA, P.\. 

(From the Gastro-Intestinal Section (Kinses’-Thomas Foundation) of the Medical 
Clinic, Hospital of the University of Pennsjdvania.) 

Ulcer, carcinoma and chronic gastritis are tlie three organic 
diseases of the stomach that most often produce “indigestion.” In 

* Presented in part by Dr. Miller before the Sections of Medicine and of Surgery 
of the New York Academy of Medicine on March 21, 1939. 
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our out-patient gastro-intestinal clinic each of these affections has 
accounted for approximately 4% of the cases with that syndrome; 
all together, for fewer than have been attributed to purel)'^ func- 
tional gastric disorders (17.5%). The truly common causes are 
extra-gastric, chiefly gall bladder disease, which has been responsible 
for 31%, and duodenal ulcer, responsible for 25%. 

In spite of its comparative rarity clinically, in this country at 
least, gastric ulcer deserves and has received a great deal of atten- 
tion because of the serious character of its complications and because 
of its similarity to that far more commonly recognized extra-gastric 
lesion, duodenal ulcer, with which it is confused and from which 
symptomatically it cannot be differentiated. The Quarterly Cumu- 
lative Index Medicus still groups the two diseases together, under 
the heading of peptic ulcer, and most authors, in their discussions 
of the etiology, diagnosis and treatment, do not clearly distinguish 
them. Although we must admit many similarities both patho- 
logically and clinicallj% yet it is believed that some focusing of 
attention on gastric ulcer alone brings out certain important differ- 
ences in the two diseases and clarifies thought about each of them. 

Gastric ulcer, as a matter of fact, until comparatively recent 
years was not regarded as a particularly infrequent disease, and 
still is not so regarded in England. In Osier’s System, C. F. Martin^ 
25 years ago stated that it was more common than duodenal ulcer 
in the ratio of 2 or 3 to 1. More recent roentgenologic study, 
however, has led us to believe the duodenal lesion to be 6 to 10 times 
as frequent. This change in our vieivpoint is not due merely to the 
discovery that many of the ulcers formerly diagnosed as gastric 
were really duodenal, because the older statistics were based largely 
on objective findings at autopsy. Even modern necropsy reports 
support the claims of the older clinicians. Sturtevant and Shapiro,'^ 
in 1926, reviewing the records of 7700 autopsies at the Bellevue 
Hospital found almost 3 times as many healed and unhealed gastric 
as duodenal ulcers. Furthermore, Portis and Jaffe,® just a year ago, 
in a study of 9171 consecutive necropsies at the Cook County Hos- 
pital, found peptic ulcer in 457 cases about equally divided between 
the two organs. When the ulcer was an incidental finding, not 
related to the cause of death, they found that the gastric localiza- 
tion predominated; when it was acute, that it involved the stomach 
4 times as often. Of the 118 essential ulcers, presumably diagnosed 
antemortem, the duodenum, however, was more often involved 
(63 to 55). Many of the acute lesions obviously heal without having 
produced symptoms, such as to lead to Roentgen examination, or 
our present roentgenologic methods fail to detect them. Further- 
more, the symptoms and signs of many terminal and incidental 
gastric ulcers are presumably overlooked because of the predomi- 
nance of other and more serious lesions. With the development of 
gastroscopy, however, we are beginning to appreciate the frequency 
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of superficial ulceration in connection with diffuse inflammatory 
lesions of the stomach. Thus, although duodenal ulcer is more 
easily and far more frequently recognized clinically, we must at tlie 
same time remember that the actual incidence of gastric ulcer is 
greater than our clinical data indicate, and that this is due, in part, 
to its occurrence in the acute form without symptoms and, in part, 
to its development in association with other and more serious intra- 
gastric and extra-gastric disease processes. 

In order to get some first-hand information on the natirral history 
and diagnosis of gastric ulcer we have reviewed the data on 111 
cases observed in the medical clinic of our hospital during the last 
10 years, and have included, for parts of the analysis to follow, 
data on 58 operatively proved cases, also from our hospital and 
reported in 1929 by Miller, Pendergrass and Andrews.^ Thus the 
total series consists of 169 cases, all of which were diagnosed at 
operation or by tire Roentgen ray. Naturally such a study does not 
include cases of the acute variety that give rise to no symptoms and 
heal spontaneously or the more chronic cases in which tlie presence 
of ulcer is masked by a more serious disease, but only such hospital- 
ized and ambulant cases as we have been able to recognize clinically. 

The sex and age incidences in the affected subjects deserve con- 
sideration because they differ from tlie accepted conception about 
them. Although the female sex has been said by some to be more 
commonly affected, 88% of our clinical group were in men (Tables 
1 and 2). The age, furtliermore, was more advanced tlian is gener- 
ally believed, and was such as to eliminate this factor from considera- 
tion in the differentiation from gastric malignancy. At tlie time of 
examination, 67 % were 40 or more years of age with the greatest 
incidence in the fifth decade (Table 1) ; this is slightly greater tlian 
for a comparable series of duodenal ulcer cases. Even if the age at 
the onset of the symptoms is considered this relationship still holds 
(Table 2). The women on the average were considerably older than 
the men. 

Table 1. — Age Incidence, by Sex, at the Time of Admission to Hospital. 


Decade. 


Male. 


Female. 

Total group. 

No. 

Per cent. 

No. 

Per cent. 

No. 

Per cent. 

10-19 . . 

1 

0.7 



1 

0.6 

20-29 . . 

17 

12.1 

3 

10.4 

20 

11.8 

30-39 . . 

. 33 

23.6 

2 

6.9 

35 

20.8 

40-49 . . 

. 39 

27.9 

6 

20.6 

45 

26.6 

50-59 . . 

. 28 

20.0 

8 

27.6 

36 

21.3 

60-69 . , 

17 

12.1 

8 

27.6 

25 

14.8 

70-79 . . 

5 

3.6 

2 

6.9 

7 

4.1 

Total 

. 140 

100.0 

29 

100.0 

169 

100.0 


Recently, due largely to the influence of George Draper, we have 
become interested in the constitutional background of peptic ulcer, 
not only as an etiologic or diagnostic factor but also from the point 
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of view of its natural history. No one today questions that there is 
a physical, mental and emotional type of person who is predisposed 
to this disease. Draper’s studies, however, were made on peptic 
ulcer subjects, gastric and duodenal, and probably largely duodenal, 
though he does not state the percentages. We suspect that if the 
two groups were separated not so many of the gastric ulcer patients 
would be found to be of the gracile, lantern-jawed, sensitive and 
nervously tense type, and yet such of our records as contained a 
statement as to body habitus indicate that 35% were of the so-called 
ulcer tjqie, while only 12% were sthenic. We must admit, further- 
more that many of them developed their ulcer when under great 
emotional strain; such strain may be effective only when the subject 
on some constitutional basis is predisposed. Constitutional equip- 
ment may also explain the hereditary tendency and the occurrence 
of ulcer in various members of a family. A family history indicative 
of ulcer was obtained in 14% of our patients. 


Table 2. — Age In cidbnce, by Sex, at the Time of Onset of SYirPTOMS. 


Decade. 


Male. 

Female. 

Total group. 

'no. 

Per cent. 

No. 

Per cent. 

No. 

Per cent. 

10-19 . . 

5 

3.6 

1 

3.3 

6 

3.5 

20-29 . . 

. 29 

20.7 

3 

10.4 

32 

19.0 

30-39 . . 

. 36 

25.8 

3 

10.4 

39 

23.1 

40-49 . . 

. 29 

20.7 

9 

31.0 

38 ■ 

22.6 

50-59 . . 

. 26 

18.6 

8 

27.6 

34 

20.1 

60-69 . . 

12 

8.5 

3 

10.4 

15 

8.9 

70-79 . . 

3 

2.1 

2 

6.9 

5 

2.9 

Total 

. 140 

100.0 

29 

100.0 

169 

100.0 

Average duration of symptoms on 

admission 

= 4 years. 




A further item of evidence in favor of a constitutional factor for 
gastric ulcer in general is its frequent association with duodenal 
ulcer (17% in our group). Its association with other disease pro- 
cesses, such as those of the cardio-vascular, renal and nervous sys- 
tems, and with carcinoma elsewhere in the body at least deserves 
mention and probably indicates the importance etiologically of 
impaired general bodily vigor. Duodenal stasis was demonstrated 
in 4% of our series and this also may be of etiologic significance. 

Of the clinical cases of advanced gastric ulcer a surprising number 
heal under the influence, or perhaps it is fairer to say during the 
course, of a simple medical regimen. That such healing occurs is 
shown conclusively by the large scars previously referred to as 
having been observed at autops 3 ^ Of our 111 cases, 79 were given 
a prolonged trial on a conservative medical program with at least 
temporary success in 63 (80%). Satisfactory follow-up roentgeno- 
logic investigation was accomplished in but 41 of these cases but 
it showed a complete disappearance of the niche Avithin 1 to 3 
months in 20 (49%), in 2 of which carcinoma had originally been 
suspected. Eleven others showed almost a complete disappearance; 
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7, a satisfactory decrease in size. In some instances tlie defect, even 
though at first quite large, could not be found after 2 to 3 weeks 
and no subsequent interruption in the passage of peristaltic waves 
could be detected. Some such cases have been followed for 5 to 7 
years without a recurrence of subjective or objective evidence of 
activity. The fact that during the past 5 years we have subjected 
to surgery only one-half as many patients (25%) as during the pre- 
ceding 5-year period indicates our increasing personal belief that 
clinical cure on a conservative basis is often attainable. 

In spite of such encouraging results from medical management 
we still feel that, because of the possibility of malignancy, every 
case that fails to show an actual decrease in the size of the niche by 
Roentgen study within 2 to 3 weeks, no matter what the other 
conditions may be, deserves and demands prompt surgical explora- 
tion. Although we have, of course, excluded from the group under 
consideration those cases that proved to be malignant, some of the 
included number were denied a prolonged trial of medical therapy 
because of that possibility. Of 19 other cases, however, that were 
given a reasonable trial on a conservative basis and failed to im- 
prove, 4 had organic pyloric stenosis, 4 had gastric hyperacidity 
(not common in gastric ulcer), 13 were excessive users of alcohol 
or tobacco and 2 had duodenal stasis. We are inclined to believe 
that all of these are unfavorable factors for the healing of gastric 
ulcer. 

Gastric ulcer, once healed, has a tendency to recur, as does duo- 
denal ulcer, and this took place in 38% of 47 carefully followed cases. 
The precipitating factors seemed to be the same as those that pro- 
duced the original lesion: indiscretions in diet, alcoholic excesses, 
nervous or emotional strain and infection. We have noted especially 
their recurrence after an upper respiratory infection. As to chronic 
focal infection we have observed no greater incidence in ulcer 
patients than in those with other diseases. 

Sooner or later most of the gastric ulcers that do not heal develop 
complications: perforation, hemorrhage, stenosis or malignant 
degeneration (Table 3). Also, without actual perforation, the 
inflammatory reaction may extend beyond the stomach and involve 
such structures as the pancreas or intestine, giving rise to pancrea- 
titis, adhesions, fistulse and even intestinal obstruction. 

Table 3. — Incidence of Complications in Total Group of 169 Cases. 


Complication. Per cent. 

Perforation 11 

Hemorrhage 19 

Stenosis (marked and organic) 4 

Malignancy 0.9 


Perforation occurred in 19% of our previously reported. 58 cases, 
all of Avhich, however, were eventually surgical; whereas the inci- 
dence was only 7% in our 111 cases studied primarily. on a medical 
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service. The incidence for the total group was 11 %. Only a few 
occurred without preceding ulcer symptoms, but in most instances 
such symptoms had been present less than a year. These ulcers 
were almost without exception on the anterior wall of the stomach. 

Gross hemorrhage at one time or another in the life history of 
gastric ulcer is considered to occur in about 20%. HursG encoun- 
tered it in 18%, which closely approximates the incidence in this 
series (19%). Hematemesis occurred in all but one of the bleeding 
cases. 

Stenosis, when permanent, results from fibrosis and contraction 
about a pyloric or antral ulcer and consequently is encountered 
during or after healing, often after repeated periods of activity; 
when transient, it is explainable on the basis of an acute inflamma- 
tory reaction or of edema, as when the blood serum protein is re- 
duced. Severe obstruction occurred in only 4% of our series. More 
often it results from duodenal ulcer,' though the mistake of calling 
these stenosing duodenal lesions gastric is very common. 

Ever since the statement of McCarty’s original thesis that 68% 
of gastric ulcers are precancerous lesions, there has been a great 
deal of debate as to the actual frequency of this complication. 
Hurst estimated it was 6%, Recently Hinton and Trubek,^ review- 
ing 104 cases, failed to find a single one with true malignant degen- 
eration. In our series, only 1 case developed eventually malignancy 
in the border of an ulcer which had been present clinically for many 
years. Malignant degeneration undoubtedly occurs, but we have 
never seen any but the one ulcer that persisted for a long time, 
obviously as a benign lesion, take on malignant characteristics. 
We have seen man}^ ulcerative gastric lesions, especially of the 
pylorus, that were clinically of uncertain nature and that proved 
to be malignant at operation. It is difficult to prove, however, that 
these were not malignant from the beginning. If ulcers of the 
pylorus frequently become malignant, one would expect that many 
of the cases subjected surgically merelj'^ to a gastro-enterostomy, 
because of the surgeon’s belief that the lesion was benign, would 
ultimatelj’ develop cancer of the stomach. This, we believe, has 
only rarely occurred. 

A clear conception of the diagnostic problems of gastric ulcer 
requires a familiarity with its natural historj'. If one knows the 
type of individual in which, and the circumstances under which, 
peptic ulcer commonly develops; if he appreciates the frequency 
of its occurrence without clear clinical manifestations, its tendency 
to persist together with a capacity to heal quickly and its liability 
to a recurrence of activity, and if he remembers the nature of its 
coniplications he is prepared to suspect its presence when any 
patient presents digestive symptoms that are not readily explainable 
on an obvious basis. Such a suspicion of the disease is the most 
important factor in the diagnosis and it should, in every instance, 
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lead to a roentgenologic investigation. Only liy such a study can 
the diagnosis of peptic ulcer be made or eliminated with reasonable 
certainty; furthermore, such an examination usually establishes 
definitely whether it is gastric or duodenal and the exact localiza- 
tion within either organ. In Table 4 it will be seen that the Roent- 
gen diagnosis in 80 proved cases of gastric ulcer was correct in 92%. 


Table 4. — Roentgenologic Diagnosis 


Roentgen ray diagnosis. No. 

Ulcer of the lesser cui'vature 43 

Ulcer of the greater curvature 3 

Gastric ulcer, location not stated 4 

Ulcer probably on posterior wall 4 

Pyloric ulcer 4 

Gastric ulcer or adhesions 5 

Pyloric obstruction from ulcer 4 

Marginal ulcer 2 

Gastric ulcer or subtotal gas- 2 

trectomy 

Gastric ulcer or carcinoma 3 

Duodenal ulcer 1 

Stomach negative 5 


Diagnosis correct in 92% of cases. 


IN 80 Proved Cases of Gastric Ulcer. 

Operative or gastroscopic findings. 

36 on lesser curvature; 3 on post, wall, 
4 seen by gastroscope. 

1 on greater curv., 1 at pylorus, 1 proved 
gastroscopically. 

1 each on lesser curvL, greater curv. and 
post. wall. 1 not stated. 

3 on post, wall (1 proved by gastroscope) ; 
1 on lesser curv. 

2 pyloric, 2 prepyloric. 

1 hour-glass stomach, 1 lesser curv., 1 
pyloric, 2 not stated. 

3 gastric ulcers with pyloric stenosis, 1 
post. wall. 

2 lesser curvature. 

2 lesser curvature. 

2 lesser curv., 1 large benign ulcer poste- 
rior wall. 

1 lesser curvature. 

3 lesser curv. (1 perf.), 1 benign ulo. 
tumor, 1 seen gastroscopically. 


The history alone, when it includes epigastric discomfort in a 
fixed relationship to food and relief by food and especially when it 
covers a period of years with prolonged asymptomatic intervals, 
may indicate the diagnosis, but this today should never be accepted 
as a substitute for Roentgen identification. The phj'sical examina- 
tion, important as it is to eliminate other lesions, rarely aids greatly 
in the exact diagnosis of an uncomplicated case. Determination 
of the acidity of the gastric contents, helpful in duodenal ulcer, 
cannot be considered of much value in gastric ulcer. The incidence 
of hyperchlorhydria (Fig. 1) is only slightly higher tlian that fre- 
quently found in normal individuals. Achlorhydria occurred in 6 % 
of our cases, even after histamine. Interestingly the achlorhydria 
cases were on the average 10 years older than the rest of our group. 
Most of them were at first suspected of having a malignant ulcer, 
but none, so far as we know, has developed convincing signs, though 
half of them have been carefully followed for more than a year. All 
responded satisfactorily to a medical regimen. 

Gastroscopy deserves consideration as a diagnostic procedure. 
It was employed in but 12 of our cases but by means of it the 
diagnosis was established in 9. Certainly in those cases in which 
tlie diagnosis is suspected but the Roentgen examination is negative 
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or questionable, its aid should be invoked. Schindler® claims that 
in a series of 50 cases the diagnosis was made gastroscopically in 6 
that had a negative Roentgen study. 

With the natural history of gastric ulcer in mind, the diagnosis 
of the complications should present little difficulty. Perforation 
and hemorrhage are dramatic events but, in our experience, only 
rarely oceur as the initial manifestation of ulcer. Even when per- 
foration does so occur, the character of the attack, the physical 



AMOUNT OF CONTENTS IN CC. REQUIRED TO NEUTRALIZE 100 CC. NaOH(^%) 

Fig. 1. — The maximal free hydrochloric acid and total acidity of the gastric 
contents in i22 of the cases of gastric ulcer. 


signs and the demonstration, by the Roentgen ray, of air under 
the diaphragm is sufficient to establish the diagnosis. Since two- 
tliirds of all massive hemorrhage from the stomach is due to peptic 
ulcer and most of the others to splenic anemia or cirrhosis of the 
liver, usually easily recognized conditions, we are rarely in doubt 
as to the cause of such bleeding. Stenosis, though easily recognized 
by gastric analysis or the Roentgen study is not always of a per- 
manent nature and its pathology, whether acutely inflammatory. 
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cicatricial or purely edematous as a result of serum protein loss from 
the blood, deserves special diagnostic study. Malignancy, as stated 
before, must always be considered and can usually be diagnosed on 
the basis of the response to medical therapy as determined by re- 
peated roentgenologic investigations. 

Summary. The natural history and diagnosis of gastric ulcer have 
been considered in connection with an analysis of certain data from 
the records of 169 personally observed cases. The results suggest: 

1 . That gastric ulcer deserves attention apart from duodenal ulcer; 

2. That it often is unrecognized clinically; sometimes because it 
presents no symptoms, sometimes because the symptoms are masked 
by those of other more serious disease processes; 

3. That healing tends to occur naturally and, even in the recog- 
nized and treated cases, usually occurs on a simple medical regimen; 

4. That, however, a recurrence of activity is common (38% of our 
carefully observed cases) and may be precipitated by such factors 
as gastric hyperacidity, dietary indiscretion, the excessive use of 
alcohol, emotional upset, or infection; 

5. That the diagnosis of gastric ulcer and of its complications will 
be most readily made by those who have knowledge of its natural 
history and who subject promptly all questionable cases to roent- 
genologic and gastroscopic investigation. 
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EVTOENCE REGARDING THE CONTROL OF HEPATIC 
GLYCOGENOLYSIS. 

By W. B. Cannon, 

GEORGE HIGGINSON PROFESSOR OP PHYBIOLOGT, HARVARD MEDICAL SCHOOL, 

BOSTON, SIASS. 

(From the Department of Physiology in the Harvard Medical School.) 

Abe there glycosecretory nerves distributed to the liver cells? 
Older investigators found that section of the splanchnic nerves pre- 
vented the “puncture diabetes” of Claude Bernard, and they drew 
the conclusion that these Avere the secretory nerves. In 1894, 
Cavazzani^® thought he had brought proof for this view by finding 
less glycogen in the liver, when it Avas stimulated from the celiac 
plexus after death, than was present before the stimulation began. 
Wertheimer and Battez-^ pointed out, hoAA'ever, that the result 
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could be explained by 'postmortem glycogenolysis. Meanwhile, 
Kaufmanni^* had shown that cutting the hepatic nerves did not 
prevent piqure from having its usual hyperglycemic effect. In 1901, 
Blum^ reported his important observation that subcutaneous injec- 
tions of adrenaline produced hj’perglycemia and glycosuria. There- 
upon Mayer’^'^ raised the question whether Bernard’s piqure might 
not induce glycosuria by causing a discharge of adrenaline from the 
adrenal medulla. After producing piqure glycosuria in all 6 rabbits 
tested, he removed the adrenals from 25 rabbits, and found that 
piqUre did not cause glycosuria in anj^ of them. Three years later 
Gautrelet and Thomas^^ reported that splanchnic stimulation in 
adrenalectomized dogs did not provoke a glycosuria. In 1912, 
Macleod and Pearce^® confirmed these observations by showing that 
when in dogs the adrenal gland is removed on one side splanchnic 
stimulation on that side is not followed by the usual hyperglyco- 
genolysis. They found, however, that when they excited the hepatic 
plexus they elicited a marked hyperglycemia, but only if the adrenal 
glands were intact. The opinion was ventured that “ some influence 
exercised by the adrenal glands is evidently essential for the func- 
tional integrity of the nerves which control the process of glyco- 
genolysis.” These observations still left a function for the nerves 
to perform in liberating glucose from the hepatic stores. 

In a study of reflex hjq)erglycemia Griffith^^ to some degree sup- 
ported earlier conclusions, but he also raised puzzling questions. 
Stimulation of afferent nerves produced a prompt increase of blood 
sugar. This effect was not decreased by cutting hepatic nerves; on 
the average it was reduced, however, but not abolished, if the adre- 
nals were excluded from action. And in animals with hepatic nerves 
severed and adrenals excluded, afferent nerve stimulation still had 
as great an effect as when the adrenals alone were out of function. 
Here is evidence that the nervous influences on the liver are effective, 
though of minor importance, but the problem is presented of account- 
ing for glycogenolysis when both nervous and humoral (medulli- 
adrenal) agencies are inoperative. 

Further testimony regarding control of liver glycogen was offered 
by Bulatao and Cannon® in observations on cats exhibiting “sham 
rage.” The signs of rage in these decorticated animals, out of 
anesthesia, was attended by a gradually increasing hj"perglycemia 
which might rise to 500 mg.’%. If the hepatic nerves were severed, 
without disturbing the adrenal glands, there was still a rise in the 
glycemic level during the period of pseudaft'ecti\'e activity. On 
the other hand, when the possibility of adrenal participation was 
excluded, the initial hyperglycemia (due to operative procedures) 
declined during the period. 

The observations of Britton® on emotional hyperglycemia were 
quite in harmony with those on “sham rage.” Increases of blood 
sugar, ranging from 30 to 90% in normal unanesthetized animals, 
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were noted after 2 minutes of excitement. When the liver nerves 
had been cut, and the adrenals left innervated, the effects of excite- 
ment were only slightly modified. Conversely, when functioning 
of the adrenal medulla had been excluded, emotional states, quite as 
intense as in normal animals, Avere usually accompanied, not by an 
increase, but by a decrease, of the blood-sugar concentration. The 
decrease might persist for 20 minutes or longer. 

The foregoing evidence, favorable in some instances to direct 
nervous control of hepatic glycogenolysis and in other instances 
to hormonal control alone, through medulliadrenal secretion, is 
matched by discordant testimony of histologists. Riegele-* has 
described a network of extremely delicate nerve filaments between 
the liver cells, Avith offshoots reaching into the cellular cytoplasm. 
This observation, if correct, would establish a basis for immediate 
nervous government of liver function. The existence of a nervous 
“terminal reticulum,” hoAvever, has been questioned by Nonidez,-® 
Avho reports that the silver method used by Riegele to stain nerve 
fibers may also impregnate fine connective tissue strands and tlius 
confuse the picture. “Up to the present,” Nonidez declares, “no 
nervous structure resembling a network has been described in the 
liver.” This testimony would leaA^e the management of liver func- ' 
tions to physical and chemical agencies operating in the blood supply. 

Recent experiments, performed by Cannon and Lissak,® have 
brought support to the inference that glycogenolysis is not con- 
trolled by direct action of nerve impulses on liver cells. These 
investigators demonstrated a substance, in all respects like adrenaline 
in its effects, which can be extracted from the ultimate sympatlietic 
neurones, whether these neurones, or parts of them, are isolated or 
are embedded in organs (e. g., the heart). The significant fact 
appears that whereas extracts of liver blood-A^essels raise blood 
pressure, dilate the pupil and augment cardiac contraction, extracts 
of liver pulp have little or no adrenaline-like action. In considera- 
tion of the difficulty of remoAung the pulp from the A'essels without 
pulling away vascular twigs, the occasional slight action of the pulp 
is explicable without need of assuming presence of sympathetic 
endings on the hepatic cells. In aucav of the enormous numbers of 
these cells and the small size of the nerA^’es which accompany the 
hepatic artery, it is obvious that the fibers in these nerves Avould 
have to branch to an almost incredible degree in order to reach to 
even a majority of the cellular units in the IRer. Furthermore, 
there is no cAudence that such branching occurs. Indeed, histo- 
logic studies, as Nonidez has remarked, provide no indication of an 
innervation of the hepatic cells. - 

If the hepatic cells are not subject to s.ATnpathetic impulses, but 
are subject to secreted adrenaline, there AA’^ould be explained the 
efficacy of 'piqure after scA^erance of the hepatic nerves (Kaufmann), 
the failure of piqure to produce glycosuria in the absence of the 
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adrenals (Maj^er), and the absence of glycosuria when the splanch- 
nics are stimulated in adrenalectomized animals (Gautrelet and 
Thomas, Macleod and Pearce). There would also be explained 
the absence of hyperglycemia in “ sham rage” (Bidatao and Cannon) 
and in emotional states (Britton) when the adrenal medulla is non- 
functional, although nerves to the liver are intact, and the marked 
hyperglycemia in these states when the hepatic nerves are cut and 
the adrenals are left innervated. 

The observations of Macleod and Pearce and also of Griffith call 
for discussion. The former two investigators reported a notable 
hyperglycemia when they excited the hepatic plexus, but only when 
the adrenal glands were intact. It is pertinent to note that under 
experimental conditions there is a discharge of adrenaline from the 
adrenals (Cannon and Rapport®) and consequently the anesthesia 
and the laparotomy incidental to stimulating the nerves on the 
hepatic artery would have the result which Macleod and Pearce 
noted. If the adrenal glands were rendered inactive the same 
operation would be ineffective. 

For an explanation of the hjqjerglycemia recorded by Griffith, 
occurring when an afferent nerve was excited even though the 
hepatic nerves were cut and the adrenal medulla was out of action, 
the experiments of Bodo and Benaglia® are significant. In 1922, 
Cannon and Griffith^ studied the characteristics of a substance, 
given off from the liver when its nerves were stimulated, that was 
like adrenaline in causing a rise of blood pressure and an acceleration 
of the heart. Later (Cannon and Bacq®) such a substance was 
shown to be liberated into the blood stream wherever sympathetic 
nerves were activated and was given the name “sympathin.” 
Under ether anesthesia its presence was difficult to demonstrate, 
but under chloralose it readily manifested its properties, Bodo and 
Benaglia, using chloralose as an anesthetic, found that sympathin 
produced by exciting the cardio-accelerator nerves caused hyper- 
glycemia in animals with liver nerves and adrenals both excluded 
from action. And in such animals, also, they observed that emo- 
tional excitement, loiown to produce sympathin (Nevi;on, Zwemer 
and Cannon^®), induced a rise of blood sugar, Griffith employed 
chloralose in his experiments, and since there can be a reflex produc- 
tion of sjTOpathin (Liu and Rosenbluetffi^), quite possibly the reflex 
hjqierglycemia observed by him in animals with denervated liver 
and adrenals was due to the action of sjnnpathin. It is note- 
worthy that some of the sympathin might act on coming to the liver 
from elsewhere, as from the heart, and some might be produeed 
locally in the hepatic vessels and have a local effect. 

In the foregoing paragraphs the main features in the evidence 
regarding control of hepatic glycogenolysis have been reviewed. It 
has been shown that the facts at hand indicate that the liver cells 
are not directly subject to sy mpat hetic control, but respond to 
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adrenaline from the adrenal medulla, and also to circulating sym- 
pathin, by a liberation of glucose. The only anomalous feature 
in this situation is the existence of a highly important organ in the 
body, the liver, which adrenaline readily affects, though not acting 
then as a sympathicomimetic agent. Pertinent to this curious 
anomaly is the action of ergotamine in preventing the hyperglycemia 
which results from cerebral lesions and from adrenaline (Nitzescu 
and Munteanu;*^ Long^®). Ergotamine, as is well known, blocks 
the positive action of both sympathetic impulses and adrenaline in 
structures demonstrablj^ innervated by sympatlietic fibers. 

The foregoing evidence is related to nervous management of 
glycogenolysis. It appears that the liver can operate satisfactorily, 
quite independently of that management, both to take in and give 
forth glucose. Soskin, Essex, Herrick and Mann-- have shown, 
by determining simultaneously the rate of blood flow through the 
liver and the glucose content of the inflowing and outflowing blood, 
that during control periods the liver secretes glucose, but when 
glucose is abundantly supplied, secretion ceases and sugar is retained. 
And consistent with this observation, Brouha, Cannon and Dilb 
have recently noted that after complete removal of the sympathetic 
system the glycemic level is kept normal, even in vigorous exercise. 

REFERENCES. 

(1.) Blum, F.: Deutsch. Arch, f. klin. Med., 71, 146, 1901. (2.) Bodo, R. C., and 

Benaglia, A. E.: Am. J. Physiol., 121, 728, 738, 1938. (3.) Britton, S. W.: Ibid., 86, 

340, 1928. (4.)Brouha, L., Cannon, W.B., and Dill, D.B.:J. Physiol., 95, 431, 1939. 
(5.) Bulatao, E., and Cannon, W. B.: Am. J. Physiol., 72, 295, i925. (6.) Cannon, 

W. B., and Bacq, Z. M.: Ibid., 96, 392, 1931. (7.) Cannon, W. B., and Griffith, 

F. R.: Ibid., 60, 644, 1922. (8.) Cannon, W. B., and Lissak, K.: Ibid., 125, 765, 

1939. (9.) Cannon, "W. B., and Rapport, D.: Ibid., 68, 338, 1921. (10.) Cavazzani, 

E.: Arch. f. d. ges. Physiol., 57, 181, 1894. (11.) Gautrelet, J., and Thomas, L.: 

Compt. rend. Soc. de biol., 67, 233, 1909. (12.) Griffith, F. R.: Am. J. Physiol., 

66, 618, 1923. (13.) Kaufmann, M.: Arch, de Physiol., 27, 266, 1895. (14.) Liu, 

A. C., and Rosenblueth, A.; Am J. Physiol., 113, 555, 1935. (15.) Long, M. L.: 

J. Physiol., 80, 296, 1934. (16.) Macleod, J. J. R., and Pearce, R. G.: Am. J. 

Physiol., 29, 419, 1912. (17.) Mayer, A.: Compt. renT Soc. de biol., 60, 1123, 1906. 

(18.) Newton, H. F., Zwemer, R. L., and Cannon, W. B.: Am. J. Physiol., 96, 377, 

1931. (19.) Nitzescu, 1. 1., and Munteanu, N.: Compt. rend. Soc. de biol., 109, 311, 

1932. (20.) Nonidez, J. F.; Anat. Anz., 84, 1, 1937. (21.) Riegele, L.; Ztschr. f. 

mik.-anat. Forsch., 14, 73, 1928. (22.) Soskin, S., Essex, H. E., Herrick, J. F., and 

Mann, F. C.; Am. J. Physiol., 124, 558, 1938. (23.) Wertheimer, E., and Battez, G.: 

Arch, internat. de Physiol., 9, 363, 1910. 


A SIMPLIFIED METHOD FOR CALCULATING DIABETIC DIETS. 

By Russell Richardson, M.D., 

CHIEF, metabolic SECTION OF THE MEDICAL CLINIC, HOSPITAL OF THE UNIVERSITY 
OF PENNSYLVANIA; ASSISTANT PROFESSOR OF MEDICINE, AND ASSOCIATE, 
GEORGE S. COX MEDICAL RESEARCH INSTITUTE, SCHOOL OF MEDICINE, 
UNrV’ERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 

In order to calculate a diabetic diet it is necessary to know the 
average serving in grams of the desired food, the percentage of pro- 
tein, fat, and carbohydrate in each food and the customary distri- 
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bution of foods among the meals. This information is ordinarily 
readily available only to the trained dietitian. 

The following plan for calculating diets is offered as a simple 
method which can be used with a minimum expenditure of time. 
Furthermore, it requires no unusual training in diet work nor further 
knowledge regarding foods than is possessed by most physicians. 
Herewith is shown the protein, fat and carbohydrate content of 
seven diets, increasing in each diet by 5 gm. protein, 10 gm. fat, and 
25 gm. carbohydrate.* On the following pages is shown a distri- 
bution of foods corresponding to these figures arranged in the form 
of diets. It will be noted that bread and butter are included in all 
diets. Diet No. 1 is suggested as a “starvation diet” for short-time 
use in order to lower the blood sugar rapidly. 


Table 1.— Seven Dietary Combinations with Caloric Values. 


Protein. 

Fat. 

Carb. 

Calories. 

No. 1 

50 

25 

25 

525 

No. 2 

50 

50 

50 

850 

No. 3 

55 

60 

75 

1060 

No. 4 

60 

70 

100 

1270 

No. 5 

65 

80 

125 

1480 

No. 6 

70 

90 

150 

1690 

No. 7 

75 

100 

175 

1900 

Diet No. 1.— (P/50, 

Breakfast: 

F/25, C/25— Calories, 525). 

Protein. Fat. 

Carbohydrate 

\ small grapefruit .... 


. . 1 


5 

or ^ medium orange 

, , 

. . (1) 


(5) 

or IJ tblsp. oatmeal (cooked) 


- . (1) 


(6) 

1 egg plus I egg white 


. . 12 

6 


2 tlilsp. cream 


. . 1 

6 

1 

or \ square butter .... 

Lunch: 

1 bowl clear meat broth* 


. . .. 

(5) 

■■ 

1 egg white 

I head lettuce with small amount lemon 

. . G 

juice 


•• 

or vinegar 


. . 1 


2 

4 tblsp. cottage cheese 


. . 15 


1 

{ slice bread 


. . 1 


5 

i square butter 

Supper: 

1 bowl clear moat broth* 

* * 

• • • • 

5 


3 tblsp. 5% vegetable 


. . 1 


3 

3 tblsp. 10% vegetable . 


9 


6 

2 oz. lean moat, fish or chicken , 


. . 12 

lb 


J slice bread 

Coffee or tea. 

• • 

. . 1 

53 

27 

5 

28 


* If desired. 


* Taken from Bull. No. 28, U. S. Dept, of Agriculture, and from “Tables of Food 
lvalues’’ by ^Vlice V. Bradley. 
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Diet No. 2.— (P/50, F/50, C/50— Caeories, 850). 


Breakfast: 

Protein. 

FcU. 

Carbohydrate. 

i cup grapefruit 

. . 1 

. , 

10 

3 tblsp. oatmeal (cooked) .... 

. . 3 

. . 

12 

1 egg 

. . 6 

0 


1 square butter 

. . . . 

10 

(2) 

or 4 tblsp. cream 

. . (2) 

(12) 

-J slice bread 

Lunch: 

1 bowl clear meat broth* 

. . 1 


5 

4-5 small strips bacon 

. . 3 

9 

. . 

^ head lettuce 

. . 1 

, , 

2 

2 tblsp. cottage cheese 

. . S 

, . 

. . 

3 tblsp. 5% vegetable 

. . 1 

. . 

3 

i slice bread 

. . 1 


5 

4 square butter 

Supper: 

1 bowl clear meat broth* 


5 


3 tblsp. 5% vegetable 

. . 1 

. . 

3 

3 tblsp. 10% vegetable 

2 


6 

3 oz. lean meat, fish or chicken . 

. . IS 

15 

. . 

i slice bread 

. . 1 

. . 

5 

J square butter 

. 

5 

. • 


■ ■ . 

— 

— 

Coffee or tea. 

* If desired. 

47 

50 

51 

Diet No. 3.— (P/55, F/60. 

c/75— Calories, 

1060). 


Breakfast: 

Protein. 

Fat. 

Carbohydrate. 

1 cup grapefruit 

. . 1 


10 

1 medium sized orange 

. . * . 

. . 

(10) 

3 tblsp. oatmeal (cooked) .... 

. . 3 

. . 

12 

1 egg 

. . 6 

6 


2 tblsp. cream 

. . 1 

6 


5 slice bread 

. . 1 

. . 

74 

4 square butter 

Lunch: 

. 

5 

• • 

1 egg 

. . 6 

6 

. . 

4r-5 strips bacon 

. . 3 

9 

. . 

3 tblsp. 5% vegetable 

. . 1 

. . 

3 

3 tblsp. 10% vegetable 

. . 2 


0 

1 slice bread 

2 


15 

4 square butter 

Supper: 

1 bowl clear meat broth* 


5 


3 tblsp. 5% vegetable 

. , 1 

, . 

3 

3 tblsp. 10% vegetable 

2 


6 

\ pound lean meat, fish, or chicken 

. . 24 

20 


1 slice bread 

. . 2 

. . 

15 

4 square butter 

. . .. 

5 

•• 


55 

62 

78 


Coffee or tea. 
* If desired. 
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Diet No. 4.— (P/60, r/70, C/100— Calories, 1270). 



Protein. 

Fat. 

Carbohydrate. 

Breakfast: 

§ cup grapefruit 

. . 1 


lU 

1 medium sized orange 

. 


. (10) 

3 tblsp. oatmeal (cooked) .... 

. . 3 

6 

12 

1 egg 

. . 6 


4 tblsp. cream 

. . 2 

12 

2 

1 slice bread 

. . 2 


15 

§ square butter 

. 

5 


Lunch: 

1 egg and 1 egg white 

. . 12 

6 


^ head lettuce 

. . 1 


2 

2 level tsp. mayonnaise 


id 


3 tblsp. 5% vegetable 

. . 1 

« . 

3 

3 tblsp. 10% vegetable 

. . 2 

. . 

6 

1 slice bread 

. . 2 

. . 

15 

i square butter 

. 

5 

. . 

Supper: 

1 bowl clear meat broth* 

3 tblsp. 5% vegetable 

. . 1 

. . 

3 

3 tblsp. 10% vegetable 

. . 2 


6 

J pound lean meat, fish or chicken . 

. . 24 

20 

. « 

1 slice bread 

. . 2 


15 

i square butter 

. . , . 

5 


1 medium sized orange 

. . 1 


io 


62 

69 

99 

Coffee or tea. 

* If desired. 


Diet No. 5.— (P/65, F/80, C/125— Calories, 1480). 


Protein. 


Breakfast: 

i cup grapefruit 1 

1 medium-sized orange .... . . 

5 tblsp. oatmeal (cooked) 5 

1 egg 6 

4 tblsp. cream 2 

1 slice bread 2 

J square butter 

Lunch: 

1 egg and 1 egg -white 12 

3 tblsp. 5% vegetable 1 

3 tblsp. 10% vegetable 2 

.} head lettuce 1 

2 level tsp. mayonnaise 

2 slices bread 4 

1 square butter 

Supper: 

1 bo-n’l clear meat broth* 

3 tblsp. 5% vegetable 1 

3 tblsp. 10% vegetable 2 

1 pound lean moat, fish or chicken .... 24 

2 slices bread 4 

1 square butter 

1 medium sized orange 


Fat. Carbohydrate. 


G 

12 

5 

6 

10 

io 


10 

( 10 ) 

20 

2 

15 


3 

6 

2 

30 


20 

io 


3 

C 

30 

id 


67 79 137 


Coffee or tea. 
* If desired. 
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Diet No. 6.— (P/70, F/90, C/150— Calohies, 1690). 

Protein. Fat. 


Breakfast: 

5 cup grapefruit 1 

1 medium sized orange 

5 tblsp. oatmeal (cooked) 5 

2 eggs 12 12 

4 tblsp. cream 2 12 

2 slices bread 4 

1 square butter 10 

Lunch: 

1 egg 6 6 

3 tblsp. 5% vegetable 1 

3 tblsp. 10% vegetable 2 

•)- head lettuce 1 

1 level tsp. mayonnaise 5 

2 slices bread 4 

1 square butter 10 

Supper: 

1 bowl meat broth* 

3 tblsp. 5% vegetable 1 

3 tblsp. 10% vegetable 2 

J pound lean meat, fish, or chicken ... 24 20 

2 slices bread 4 

1 square butter 10 

2 tblsp. cream 1 C 

1 medium sized orange 


Carbohydrate. 

10 

( 10 ) 

20 

2 

30 


3 

6 

2 

30 


3 

6 

30 

1 

10 


70 91 153 

Coffee or tea. 

* If desired. 


Diet No. 7.— (P/75, F/lOO, C/175— Calories, 1900).' 


Protein. 


Breakfast: 

\ cup grapefruit 1 

1 medium sized orange 

5 tblsp. oatmeal (cooked) 5 

2 eggs 12 

4 tblsp. cream 2 

2 slices bread 4 

1 square butter 

Lunch: 

1 egg and 1 egg white 12 

3 tblsp. 5% vegetable 1 

3 tblsp. 10% vegetable 2 

1 head lettuce 1 

2 level tsp. mayonnaise 

2 slices bread 4 

1-5 squares butter 

Supper: 

1 bowl clear meat broth* 

3 tblsp. 5% vegetable 1 

3 tblsp. 10% vegetable 2 

i pound lean meat, fish, or chicken ... 24 

1 medium potato 2 

2 slices bread 4 

15 squares butter 

1 mediumjsized orange 


Fat. Carbohydrate. 


10 

( 10 ) 

20 

12 

12 2 
30 

10 


6 


io 

15 


3 

6 

2 


30 


3 

6 

20 

20 

30 

15 

10 


77 100 172 

Coffee'or tea. 

*_If desired. 
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In order to use the diets, find in Table 1 the diet that gives the 
amount of protein desired. On turning to the diet with this per- 
centage of protein, it is evident that only bread and butter need be 
altered in order to arrive at the desired amount and arrangement 
of fat and carbohydrate. As a standard slice of bread as cut by 
machine contains 15 gm. of carbohj'^drate, and as a J inch thick slice 
of butter from the standard quarter-pound bar contains 10 gm. of 
fat, the diet given can be readily altered by the addition or subtrac- 
tion of either or both of these foods. 

Table 2. — Food Values. 

Protein Fat Carbohydrate 


1 slice bread 

. . . 2 


15 

1 Uneeda biscuit 

. . . 1 


5 

1 graham cracker ■ 

. . . 1 

1 

8 

1 medium-sized potato .... 

... 2 

, . 

20 

3 tblsp. oatmeal (cooked) .... 

... 3 

• • 

12 

1 medium-sized egg 

... 6 

6 

.. 

i lb. lean meat, fish or chicken . 

... 24 

20 

, • 

2 oz. cottage cheese (60 gm.) . 

... 13 

1 


1 square butter 


10 


1 tsp. mayonnaise 


5 

. . 

3 strips bacon 

... 2 

8 

0 

2 tblsp. 20% table cream .... 

. . . 1 

6 

1 

1 glass milk pint) 

... 8 

10 

12 

1 glass buttermilk 

... 8 

1 

12 

1 tblsp. peanut butter 

... 5 

8 

3 

1 tblsp. cocoa 

. . . 1 

2 

2 

3 tblsp. 5% vegetable 

. . . 1 


3 

3 tblsp. 10% vegetable .... 

2 

. , 

6 


The following fresh fruits in the amounts given may be used with a food value of 
P/1, F/O, C/10: 

\ cup grapefruit 1 cup strawberries 

1 medium sized orange 1 slice watermelon, 6 inches by J inch 

Ij medium sized peaches J of 4j-inch cantaloupe 

1 slice pineapple, J-inch thick \ large apple 

I banana 

Water, clear broths (broths and consomm6 without food value, such as com- 
mercial canned broths), coffee, tea, cocoa shells, and cracked cocoa can be taken with- 
out allowance for food content. 

One slice bread equals one slice from standard sliced loaf. 

One square butter equals one square \ inch thick from i pound bar. 

Tblsp. equals one tablespoon. 

Tsp. equals one teaspoon. 
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Table 3. — Substitutes. 


Substitutes for 3 tablespoons cooked 
t cup corn flakes 

1 cup Cream of Wheat (cooked) 
j cup farina (cooked) 

2 tablespoons Grapenuts 


oatmeal; 

1 cup puffed rice 
1 cup puffed -wheat 
\ shredded wheat biscuit 
3 tablespoons Wheatena (cooked) 


Substitutes for 1 square of butter: 

2 squares American pale cheese 

2 squares Cheddar cheese 
2| squares Roquefort cheese 
2§ squares Limburger cheese 

Substitutes for 1 slice of bread; 

IJ- baking powder biscuit, 2 inches in diameter 
J slice Boston Brown bread, 3 by | inch in diameter 
1| bran muffin, 2 inches in diameter 
I egg muffin, 2 inches in diameter 
I slice raisin bread, 4 by 4 by f inch. 

1 Parkerhouse roll (large) 

J slice cinnamon toast, 4 by 4 by | inch 

3 pieces Melba toast, 4 by 4 by J inch 
6 saltines 

3 soda crackers 

2 graham crackers 

1 cup pop corn 

2 tap. honey 3 tap. jam 

2 tsp. maple syrup 3 tsp. marmalade 

2 tsp. molasses 

Table 4. — Vegetables. 


2| squares Full Cream cheese 
2J squares Edam cheese 

2 squares Swiss cheese 

3 squares Camembert cheese 


5% Vegetables. 

Artichokes 

Asparagus 

String beans 

Brussells sprouts 

Cabbage 

Celery 

Cucumber 

Endive 

Egg plant 


Lettuce 
Rhubarb 
Sauerkraut 
Tomato 
Spinach 
Swiss Chard 
Dandelion greens 
Beet greens 
Water Cress 


15% Vegetables. 
Parsnips 
Lima beans 
Green peas (fresh) 


10% Vegetables. 
Beets 
Carrots 
Onions 

Green peas (canned) 

Pumpkin 

Squash 

Turnips 

Mushrooms 


20% Vegetables. 
Potatoes 
Shell beans 
Boiled rice 
Boiled macaroni 


In addition to the variation in the diets by the use of different 
meats and vegetables, further variation can be obtained by the 
substitution of some of the common foods listed in Table 2. Other 
substitutes which may be used for oatmeal, bread and butter are 
shown in Table 3. If a larger diet than No. 7 (P/75, F/lOO C/175) is 
desired, bread may be added as needed. It will seldom be necessary 
to add protein or fat to this diet. 

Wlien these diets are used with protamine zinc insulin, a meal 
should be added at about 10.30, p.m., consisting of | glass milk, 3 
saltines and 1 level teaspoonful of peanut butter (P/6, F/8, C/14— 
150 calories.) 
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A Handbook of Elementaky Psychobiology ajid Psychiatry. By 
Edward G. Billings, B.S., M.D., M.D. Cum Laude (Ind.), Assistant 
Professor of Psychiatry, University of Colorado School of Medicine; 
Director, the Psychiatric Liaison Department of the Colorado General 
and Psychopathic Hospitals; etc. Pp. 271; 10 figures. New York: The 
Mac milla n Company, 1939. Price, S2.00. 

In full accord with the teachings of Adolph Meyer, the contents are dis- 
cussed under the headings of Psychobiology, Psychiatric Examination Pro- 
cedures, General Psychopathology, General Principles of Psychotherapy 
and Selected References to Other Works Dealing with Personality Function- 
ing and Psychiatry. 

“Psychobiology is the science having to do with the study and under- 
standing of the mentally integrated human organism.” Another of the 
several definitions gives it as “ the science and understanding of the study 
of both overt and implicit activity into a 'mentally integrated behavior' — 
normal and abnormal.” Half of the volume is given to general considera- 
tion of psychopathology. Among other subjects discussed are normal and 
abnormal personality functioning; intellectual inadequacy reactions and 
constitutional psychopathic reactions; minor and major psychoses; dis- 
orientative-hallucinatory states; disorders of personality resulting from 
structural involvements of the brain; and psychopathologic problems of 
childhood. Hysterical disorders are referred to as “ dissociative-dysmensic- 
substitution” phenomena, and are conversion substitutes for repressed 
thoughts disturbing life experiences to which there is aversion. 

Wliile psychobiologists do not show the avidity of psychoanalysts for 
coining words, frequent emplo 3 Tnent of Greek derivatives, “ergasiastics” 
or “ ergasiarty,” meaning psychiatry, “holergasia,” “hypothymergasia,” 
and many more corresponding terms, may seem a bit pedantic to medical 
groups without psychiatric training for whom this handbook is intended. 
The work admirably supplements our numerous psychiatric textbooks 
already in use. There is an exceptionally informative index. 

N. Y. 


A Textbook of Bacteriology. The Application of Bacteriology and 
Immunology to the Etiology, Diagnosis, Specific Therapy and Prevention 
of Iifiectious Diseases for Students and Practitioners of Medicine and 
Public Health. By_HANs Zinsser, M.D., Consulting Bacteriologist to 
the Peter Bent Brigham and the Children’s Hospitals, Boston, and 
Stanhope. Bayne-Jones, hl.D., Professor of Bacteriology and Dean, 
Yale University hledical School; Master of Trumbull College, Yale 
Universitj’', New Haven. Pp. 990; 116 illustrations. Eighth Edition, 
rensed and reset. New York: D. Appleton-Centurj”- Company, Inc., 1939. 
Price, SS.OO. 

Though five years have elapsed since the appearance of the 7th edition, 
two additional copjTights in the interim show how actively this book has 
been sought bj' readers and kept up to date by the authors, in spite of the 
necessarj’ increases in size and _comple.xitj’. The section on pathogenic 
protozoa has been omitted^ for this edition, perhaps partly on this account, 
and a slight reduction in size has been obtained. The changes required bj' 
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the rapid advances in bacteriologj' and immunologj’’ are too numerous to 
mention here. They combine in maintaining this vork as one of the best 
in its field. 


The Medical Clinics of Nohth America, Vol. 23, No. 4 (Majm Clhiic 

Number, July, 1939). Pp. 284; 7 illustrations. Pliiladelphia: W. B. 

Saunders Company, 1939. 

This Mayo Clinic number includes a sjunposium on dyspepsia, and 14 
articles on miscellaneous subjects. The use of sulphanUamide, and the 
treatment of diabetes, syphilis, pneumonia and hypertension occupy 
prominent positions. 


Les Infections Humaines a B. Bipolaris Septichs (Pastehrelloses). 
By Robert Regamey, Assistant a ITnstitut d'Hygiene et de Bact4riol- 
ogie de I’Universitd de Berne et Chef du lahoratorie de recherches exp6ri- 
mentales a I’Institut s6roth4rapique et vaccinal Suisse k Berne. Pp. 126; 
3 illustrations. Berne: Hans Huber, 1939. 

The first part is devoted to a short description of B. bipolaris scpliciis. 
Part II describes experimental pasteurellosis in the rabbit, mouse and 
guinea pig. Part III is a critical study of pasteurellosis in humans de- 
scribed in the literature, and the last part is a few pages devoted to an 
analysis of the origin of pasteurellosis in humans. H. M. 


Clinical Diagnosis by Laboratory Methods. A Working jManual of 
Clinical Pathology. By James Campbell Todd, Ph.B., M.D., Late 
Professorof Clinical Pathology, University of Colorado, School of Medicine, 
and Arthur Hawley Sanford, A.M., M.D., Professor of Clinical Path- 
ology, University of Minnesota (The Mayo Foundation) ; Head of Dm- 
sion on Chnical Laboratories, Majm Clinic. Pp. 841; 368 illustrations 
(29 in colors). Ninth edition, thoroughlj'^ revised. Philadelphia: W. B. 
Saunders Company, 1939. Price, S6.00. 

This excellent manual, of which a new edition has appeared ever 3 ’' 3 or 
4 years, continues to offer a wealth of well-considered, accurate information 
for workers in the clinical laboratory. 


John Howard (1726-1790). Hospital and Prison Reformer: A Bibli- 
ography. By Leona Baumgartner, M.D., Ph.D., with Introduction 
by Arnold M, Muirhead, M.A. (Oxon.). Pp. 79; 9 illustrations. 
Baltimore: The Johns Hopkins Press, 1939. Price, SI .00. 

The philanthropist John Howard should be revered for his j'^ears of strug- 
gle for the improvement of public health as well as for prison reform. 
Modestly calhng liimself a plodder who collected material for men of genius 
to use, he spent his last 17 years searching through England, Wales and all 
the countries of Europe for data on the appalling conditions of prisons 
and hospitals, until his death of “camp fever" in Russia in 1790 while 
inspecting military hospitals. The present bibliographj’^ of 204 items, re- 
printed from the Bulletin of Medical History, is a scholarly production 
enlivened by frequent notes and a listing of the present location of Imown 
copies of his VTitings, and especiaUj'^ bj’’ the appreciative biographic intro- 
duction bj”^ A. M. Muirhead. E. K. 
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Symposium on the Synapse. By Hehbebt S. Gasser, Joseph ErLjVNGer, 
Detlev W. Bronk, Bafael Lorente he N6, Alexander Forbes. 
(Reprinted from Journal of Neurophysiology, 2, 361-472, 1939). Pp. 113; 
illustrated. Springfield, 111.: Charles C Thomas, 1939. Price, Bound, 
$2.00; Paper cover, $1.50. 

Those interested in neurophysiology are deeply indebted for the publica- 
tion of this series of brilliant discussions of a subject of controversy so 
protracted and so important. The leaders in the field are here, each at 
his best or near it, and each vTiting in a manner so characteristic as to 
render the work as fascinating to the biographer as to the experimenter. 
Only one serious stricture can be laid upon it, or rather upon those respon- 
sible for the symposium—that it is not sufficiently inclusive. In a contro- 
versy we like to see both sides equalty represented. Of the 5 authors, 
3 argue for an electrical mechanism, 1 for a chemical, and 1 for a dualistic 
hypothesis. Could we have had under the same cover a discussion by 
Dr. Cannon or Dr. Rosenblueth, for instance, the book would have been 
more fairly representative of current opinion. Yet we have a feast as it is 
and of the best. No less churlish reviewer would grumble for more. 

We cannot close without a word of gratitude for the most appropriate 
dedication to Sir Charles Sherrington. G. McC. 


Diseases of the Skin. By Richard L. Sutton, M.D., Sc.D., LL.D., 
F.R.S. (Edin.), Professor of Dermatology, University of Kansas, School 
of Medicine; and Richard L. Sutton, Jr., A.M., M.D., L.R.C.P. (Edin.), 
Associate in Dermatology, University of Kansas, School of Medicine. 
Tenth edition, revised, enlarged and reset. Pp. 1549; 1452 illustrations 
and 21 color plates. St. Louis; The C. V. Mosby Company, 1939. 
Price, $15.00. 

“Diseases of the Skin” by R. L. Sutton, Sr., has been a standard derma- 
tologic text for about 20 years. This edition not only presences the out- 
standing features of preidous issues, but the father-son combination has 
added new ones that may establish it as the American encyclopedia of 
dermatologic information. 

This edition not only retains the pictorial excellence for which its prede- 
cessors are known, but amplifies it by 340 new illustrations and 10 color 
plates. A change in type has made it possible to include 100 % more text 
and 7000 additional references without a material increase in bulk. 

Certain textual changes are noteworthy. The material has been classi- 
fied on an etiologic basis and an attempt has been made to correlate cuta- 
neous disorders witli general medicine. This has called for increased space 
devoted to fundamental physiologic and biologic phenomena. These dis- 
cussions, aided bj"^ contributions of experts in the field, are generally ade- 
quate. For ready review of certain dermatoses there are, conveniently 
placed, detailed lists and tables. The thorouglmess of the bibliography 
can be judged by the section on venereal Ijunphogranuloma. 

The authors have added valuable personal opinion and e.xperiences to 
the documented statements from the literature. For example, their treat- 
ment of acne vulgaris, which cuts the average number of visits in half, 
demands immediate attention. 

While the Reviewer has found little to complain of in thi.s textbook, he 
would like to know why, if “pruritus” is as bad a diagnosis as “eczema,” 
the authors still devote so extended and conventional a discussion to that 
“dermatological scrap-heap,” eczema. A projier appreciation of the merits 
of the book can, of course, be obtained only bj’ an examination of the book. 

H. B. 
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The Harvey Lectures, Series XXXIV. Delivered under the Auspices of 
The Harvey Society of New York, 1938-1939, under the Patronage of the 
New York Academy of Medicine by Drs. G. F. Marrian, A. A. Weigh, 
E. F. DuBois, E. J. Cohn, E. A. Park, K. Linderstr0ji-Lang, C. H. 
Danforth, a. Szent-Gyorgyi. Pp. 279; illustrated. Baltimore: The 
Williams & Wilkins Company, 1939. Price, .$4.00. 

This latest volume of this famous series contains 8 lectures on such varied 
subjects as the steroid hormones, serum albumin, heat loss, proteins as 
chemical and biologic material, the pathology of rickets, tissue and cell 
enzymes, genic and hormonal factors in biologic processes, and biologic 
oxidations and 'sdtamins. These latest words by leaders in their fields are 
indeed useful half-way stations between original reports and textbooks. 

E. K 


Gross Anatojiy. A Brief Systematic Presentation of the Macroscopic 

Structure of the Human Body. By A. Brazier Howell, Associate 

Professor of Anatomy, Johns Hopkins University School of Medicine. 

Pp. 403; 56 illustrations. New York: D. Appleton-Century Company, 

Inc., 1939. Price, $6.00. 

The author well states the dilemma of present-day teaching of anatomy 
in his introductorj'- chapter: the time allotted for anatomy in the medical 
curriculum has been sharply decreased; the scope of the science has been 
broadened. The problem is to present enough of this increased fabric of 
anatomy in the decreased time so that the medical student may continue 
an orderly progress. This work is apparently intended as a substitute for 
the longer texts in gross anatomy. How complete this substitution^ is 
meant to be is not entirely obvious from the introduction; however, with 
but 56 illustrations the student would need to have other works constantly 
available. It seems questionable whether the problem of condensation is 
helped by devoting 111 pages to the muscular system and 266 pages to 
the rest of the body. As would be expected from the author’s background, 
the section on muscles is the best feature of the book. The correlation 
with comparative anatomy is interesting and is attractively written. 
However, this division would seem to be of more value as collateral reading 
for the medical student than as text material. The correlations are toward 
the comparative rather than the medical side. Many of the references to 
comparative anatomy cannot be justified on grounds other than that of 
general academic interests. Some of them are definitely useful in simplify- 
ing the understanding of the human relationships. Should a short book 
endeavoring to cover the complete course in gross anatomy spend space to 
figure the forearm muscles of the iguana? These sidelights on human 
anatomy disappear in a large part in the presentation of the other systems 
in the body, where the style becomes almost breathless. There could be 
raised many minor objections to the presentation of anatomic facts, these 
sometimes representing a legitimate difference of opinion among anatomists. 
In mew of the large amount of space devoted to the morphology of muscles, 
it is surprising that the function of the larynx in movements of the upper 
extremities is omitted. 0. B. 


Recent Advances in H.aEMATOLOGY. By A. Piney, M.D., Ch.B. (Birm.), 
M.R.C.P. (Lond.), Assistant Physician, St. Mary’s Hospital for Women 
and Children, London. Pp. 312; 34 illustrations and 8 colored plates. 
Fourth edition. Philadelphia: P. Blakiston’s Son & Co., Inc., 1939. 
Price, $5.00. 

Though this edition has been so completely remsed that it is practically 
a new book, it is by no means confined to “recent advances,” as many 
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of the references will bear witness. It is rather, as stated in the first 
edition, an attempt to indicate “the present position of a number of hema- 
tological subjects.” It doubtless will be of use to those who do not have 
access to recent larger and more complete works on the subject. 


Diseases of the Nose and Throat. By Charles J. Imperatori, M.D., 
F.A.C.S., Professor of Otolaryngology, New York Polyclinic Medical 
School and Hospital, etc., and Herman J. Btjbman, M.D., F.A.C.S., 
Adjunct Professor of Otolaryngology, New York Polyclinic Medical 
School and Hospital, etc. Pp. 726; 480 illustrations. Second edition, 
reidsed. Philadelphia: J. B. Lippincott Company, 1939. Price, S7.00. 
In this volume the authors present in concise form the generally accepted 
opinions in the field of rhinology and laryngology. The plan and form of 
the book follow that of the first edition published three years ago. While 
the text is terse and at times dogmatic, it is also explicit and thorough. 
The brief but adequate discussions of the embryology, anatomy and 
physiology of the various structures in the upper respiratory tract will 
appeal alike to the student, general practitioner and specialist. Consider- 
able stress is laid upon therapeutic measures and minor technical procedures, 
but -with the elimination of controversial matter. The illustrations are 
numerous, appropriate and instructive. Conscientiously assuming respon- 
sibihty for sj^stematic instruction, the authors have wisely introduced 
illustrations of the instruments comprising the armamentarium for various 
prgical procedures. Roentgen examination of the nasal accessory sinuses 
is treated at considerable length. The thorough and detailed treatment 
of such subjects as physical therapy in the nose and throat, rhinologic 
manifestations of general systemic diseases and laboratorj' aids deserves 
commendation. This is a well-arranged, authoritative and informative 
textbook. H. S. 


Elementary Anatomy and Physiology. By James Whillis, M.D., 
M.S., F.R.C.S., University Reader in Anatomy, Guy’s Hospital Medical 
School; late Lrccturer in Anatomy in the University of Durham. Fore- 
word by T. B. Johnston, M.D., Ch.B., Professor of Anatomy, University 
of London. Pp. 342; 87 illustrations prepared from original drawings by 
Pauline Lariviere. Philadelphia: Lea & Febiger, 1939. Price, S3.50. 
From the foreword by Professor Johnston and the announcement of the 
publisher it appears that this little book is intended for medical students 
as well as others beginning the study of human anatom 5 L The American 
medical student begins his study of human anatomy with a background 
of general biologj’^ and frequently with training in comparative anatomy. 
This should make superfiuous the diagrammatic summary of histology. 
The book might be quite “effective with students in physical education 
and in nursing.” Any short anatomy, even without physiology, must be 
either a dictionarj'-like condensation of terms or it must represent a careful 
selection of material. The author, obAuously an experienced anatomist, 
has made a good selection. The presentation is handled in a conservative 
way, which may be the safest plan in a short anatomy. ]\Iany more pre- 
tentious \TOrfe still continue to give Helmlioltzian notions of ear mechanics 
and descriptions of the viscera based on the postmortem rather than on 
tke living state. It is a time-honored custom to repeat illustrations, gi\'ing 
a different figure number. Rlustration number 38 appears again as num- 
bers 46, 55 and 60, while number 28 reappears as 53, 69 and 85. These 
with other repetitions reduce the total number of original figures from 87 
to 69. This proportion of repetitions seems a little high. The subject 
matter is well organized, the definitions are clear, and tlie typography is 
such that the eye readily follows the text. 0. B. 
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Peripheral Vascular Diseases. Diagnosis and Treatment. By Wil- 
liam S. CoLLENs, B.S., M.D., Metabolist, Chief of the Clinic for Periph- 
eral Vascular Disease; Chief of the Diabetic Clinic, Israel Zion Hospital, 
Brooklyn, etc., and Nathan D. AVilensky, M.D., Assistant in Clinic 
for Peripheral Avascular Disease; Assistant in Diabetic Clinic, Israel Zion 
Hospital, etc. Pp. 243; 77 illustrations, 3 color plates. Springfield, 111.: 
Charles C Thomas, 1939. Price, S4.50. 

The publisher properly states that “this ready reference to the facts on 
peripheral circulation comprehensively surveys the extensive experimental 
and clinical literature and supplies practical information on the diagnosis 
and treatment of vascular disorders in a form readily available for quick 
reference in private practice.” Its title follows common usage of the term 
“ peripheral vascular disease ” to mean “ peripheral arterial disease.” Nearlj' 
one-half of the book is devoted to descriptions of diseases, the rest to treat- 
ment. The former, in this Reviewer’s opinion, is more successful than the 
latter. The authors understandably devote considerable space to inter- 
mittent venous occlusion, their new and interesting method of treatment. 
However, one may be skeptical about .their chief theoretical basis for its 
use, namely, an implication that it increases average blood flow during 
treatment: their measurements fail to prove tlie point. For the most part 
therapeutic management of patients is capably discussed, and suitable 
therapy for the individual patient properlj' emphasized. 

H. M. 


The Rectum and Colon. By E. Parker Hayden, A.B., M.D., F.A.C.S. 

Assistant in Surgery in the Harvard Medical School, Boston; Assistant 

Surgeon and Chief of Rectal Clinic, Massachusetts General Hospital, 

Boston. Pp. 434; 169 illustrations. Philadelphia: Lea & Febiger, 1939. 

Price, $5.50. 

Another book on the rectum and colon might seem to be superfluous 
at the moment; nevertheless, this work by Hayden is a verj*- practical and 
extremely useful one. AATitten almost entirely in the first person, it gives 
the personal experience of the author rather than an encyclopedic reinew 
of the literature. The subject is approached in the conventional manner, 
first a chapter on anatomy, followed by chapters on methods of examina- 
tion and on the significance of the usual symptoms. In the chapter on 
pruritus ani the author, after mentioning the necessity for the treatment 
of local anal lesions, recommends various antipruritic ointments. In his 
clinic, reliance is placed on the injection of oil-soluble anesthetics or of 
alcohol in small doses in scattered areas. For anal fissure a conservative 
operation is outlined in which the fissure is excised and the pecten band 
beloAv it incised. Dilatation of the sphincter muscle is thought to be not 
only unnecessary but really harmful. On prolapse of the rectum, the 
author cites his experience and recommends the Moschcovdtz procedure. 

For strictures of the rectum complicating lymphogranuloma, conservative 
therapj’^ is advised until, or unless, more radical procedures are necessarjL 
If colostomy alone does not effect a definite improvement, resection of the 
rectum is recommended. 

In the treatment of rectal polyps, the author does not hesitate to make 
an incision into the colon to resect these potentiallj’' dangerous lesions. 
He does not mention the removal of polyps by the use of an electric snare, 
although the Reviewer believes this is the easiest and safest treatment of 
poljqis which can be reached through the proctoscope. For carcinoma of 
the rectum, the author describes a standard abdominal perineal operation. 

In reading this book, one is impressed by the fact that it is based on a 
personal experience. Statistics are given from the clinic at the Massa- 
chusetts General Hospital in discussing practically every one of the lesions. 



graham:- the story of surgery 


115 


One has the impression that he is visiting the clinic of the author and in this 
way is gaining a personal knowledge of his methods of diagnosis and treat- 
ment. The book is well printed and fairly well illustrated, mostl}'^ rw'th 
line drawings and with photographs of lesions. The Eeviewer can recom- 
mend this compact volume to those who are interested in the diagnosis and 
treatment of the disease of the anus, colon and rectum. L. F . 


The New International Clinics. Vol. 3 (N.S. 2), September, 1939. 
Edited by George Morris Piersol, M.D., Professor of Medicine, 
Graduate School of Medicine, University of Pennsylvania, Philadelphia. 
With 17 Collaborators. Pp. 332; many illustrations, 1 colored plate, 
Philadelphia; J. B, Lippincott Company, 1939. 

The 16 original articles and 6 “clinics” in this number are widely diversi- 
fied; the Reidew is on obstetric hemorrhage. The volume index gives a 
good survey of the material covered by this excellent quarterly. 

E. K. 


Maternal Care anb Some Complications. The Principles of Ante- 
partum, Intrapartum, and Postpartum Care and of the Management of 
Some Serious Complications. Approved by The American Committee 
on Maternal Welfare, Inc. Edited by F. L. Adair, M.D. Prepared 
by W. G. Danforth, M.D., G. W. Kosmak, M.D., R. D. Miissev, M.D., 
R. L. De Normandie, M.D., F. L. Adair, M.D., P. F. Williams, M.D., 
F. H. Falls, M.D. Pp. 194. Chicago: The University of Chicago 
Press, 1939. Price, S1.50. 

This small volume brings together under one cover the contents of two 
previous volumes, one on maternal care and the otlier on maternal care 
complications, both previously reviewed in the Journal (194, 720, 1937; 
197, 113, 1939). Its chief aim is to help reduce maternal mortality. It 
aims to summarize our current knowledge regarding the best technique for 
prenatal care and discusses the more common complications of pregnancy 
and labor, outlining the accepted methods for their treatment and preven- 
tion. _ It seems to be a good handbook for public health nurses, and for 
pli 3 >’sicians who wish to &ep abreast of current knowledge in this field. 

D. M. 


The Story of Surgery. By Harvey Graham. With a Foreword by 
Oliver St. .Tohn Gogarty. Pp. 425; 24 plates and frontispiece. New 
York; Doubledaj', Doran & Co., Inc., 1930. Price, S3.75. 

Full advantage is taken bj^ the pseudonjunous author of this attractive 
book of the greater freedom permitted to a “story” than to a “historjL” 
Documentation with dates, references, and footnotes can be ignored; 
unsettled matters need not hai'e both sides represented or evaluated or can 
readily be ignored, free rein can be given to anecdotes; completeness is 
not demanded and even accuracj' is not as indispensable, wliero the chief 
aim is to entertain, as in a work of reference or instruction wliere reliability 
must ire of prime importance. Not that the criticism of inaccuracj* should 
be nwde against the author, who ob\'iouslj' has wide and accurate knowledge 
of his subject. In fact, no small part of the charm lies in the emphasis on 
the subjects in which the author appears to be personallj^ interested. For 
this reason, perhaps, lye should not object to the otherwise disproportionate 
sjiacc given to British contributions — both meritoriou.s and otherwise. 
Howei’er, while it is good for Americans to know how much Briti-^h 
surgcr\’ has acpompHshcd, it is not so good for Britishers to be given such 
a lop-sided picture. In the four-page bibliograplu’ there is — perhajis 
uitcntionalh' not one reference in a foreign language. TJie first 100 pages 
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takes us to the IStli, “greatest of centuries,” whereas more than 100 are 
required for the 19th alone. The pictures of Par^, the Hunters, 'Astle 3 '’ 
Cooper, the Bells, J. Y. Simpson, and Lister are distinctly more satisfying 
than anjdhing to be found in general histories. In general, we are sure 
that many readers will agree with Gogarty, who VTote the Foreword, “ This 
is the best book on surgery I have ever read.” E. K. 


NEW BOOKS. 

The Care of a Small Rat Colony. Bj^ Roliand J. Main, Ph.D., Department 
of Physiology and Pharmacology, Medical College of Virginia, Richmond; 
Vitamin Assay Laboratory, Department of Agriculture and Immigration, 
Commonwealth of Virginia. Pp. 101; illustrated. St. Louis; The 
C. V. Mosby Company, 1939. Price, $2.00. 

This is a reasonably complete dissoussion of the details of management of a rat 
colony giving description of rooms, cages and other equipment, feeding, breeding, 
and hygenic measures. The book would have been improved by more direct 
descriptions and some rewiting, but may be used with profit by anyone, having 
to do with colonies of rats, or planning to start a colony. H.R. 

Sketches in Psychosomatic Medicine (Nervous and Mental Disease Mono- 
graphs No. 65). By Smith Elt Jellifpe, M.D., Consulting Neurologist 
to Manhattan State and IGngs Park Hospitals, New York. Pp. 155; 
illustrated. New York; Nervous and Mental Disease Monographs, 

1939. Price, $3.00. 

Electrocardiographic Patterns. Their Diagnostic and Clinical Significance. 
By Arlie R. Barnes, M.D., Majm Clinic, Rochester, Minnesota. Pp. 
197; 94 illustrations. Springfield, 111.; Charles C Thomas, 1940. 
Price, $5.00. 

Outline of Physiology. By WiLiiiAM R. Amberson, Ph.D., Professor of 
Physiology, University of Maryland, and Dietrich C. S^^TH, Ph.D., 
Associate Professor of Phj'siology, University of Maryland. Pp. 412 
(double column); 177 illustrations (15 in color) by Norris Jones, In- 
structor in Scientific Illustrating, Swartlunore College. Baltimore; 
The William & Wilkins Company, 1939. Price, $4.00. 

The Electrocardiogram and X-ray Configuration of the Heart. By Arthur 
M. Master, B.S., M.D., F.A.C.P., Associate in Medicine and Chief, 
Cardiographic Laboratory, The Mt. Sinai Hospital, New York; Associate 
in Medicine, The College of Physicians and Surgeons, Columbia Uni- 
versity, New York. Pp. 222; 71 cases with 204 engravings. Philadel- 
phia; Lea & Febiger, 1939. Price, $6.50. 

Proctoscopic Examination and Diagnosis and Treatment of Diarrheas. By 
AI. H. Streicher, AI.S., M.D., Assistant Professor of Medicine, Univer- 
sitj’' of Illinois, College of Medical Research and Educational Hospital, 
and Department of Surgerjq Grant Hospital of Chicago.’ Pp. 149; 39 
illustrations. Springfield, 111.; Charles C Thomas, 1940. Price, $3.00. 

The Hospital Care of Neurosurgical Patients. Bj- Wallace B. Hamby, 
AI.D., F.A.C.S., Associate Professor of Neurolog}' and Instructor in 
Surgerj' (Neurological Surgerj'), University of Buffalo School of Medicine, 
Buffalo. Pp. 118; 24 illustrations. Springfield, 111. ; Charles C Thomas, 

1940. Price, $2.00. 

Manual for Diabetic Patients. Bj" W. D. Sansu.ai, M.D., Chief of the Staff 
of The Sansum Clinic and Director of Aletabolic Research of the Santa 
Barbara Cottage Hospital, Alfred E. Koehler, Ph.D., M.D., Alember 
of the Staff of Tile Sansum Clinic and Member of the Metabolic Research 
Staff of the Santa Barbara Cottage Hospital, and Ruth Boitoen, B.S., 
Dietitian of Tiie Sansum Clinic, Santa Barbara, Calif. Pp. 227; illus- 
trated. New York: The Alacinillan Company, 1939. Price, $3.25. 
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Endocriivi Gynecology. By E. C. HAirsLEN, B.S., M.D., F.A.C.S., Apociate 
Professor of Obstetrics and Gynecology, Duke Uiiiversity School of 
Medicine; Gynecologist in Charge of the Endocrine Division and Sex- 
Endocrine Clinic, Duke University Hospital, Durham, N. C. Foreword 
by J. B. COLUP, M.D., Gilman Cheney Professor of Biochemistry and 
Pathological Chemistry, McGill University, Montreal. Pp. _453; 169 
illustrations. Springfield, HI.: Charles C Thomas, 1939. Price, $5.50, 

“The laboratory investigations of the chemistry and physiology of various 
glandular extracts, varying as they do from the study of very simple and essen- 
tially erude extracts to those of a high degree of purity, must of necessity — in part 
at least — be more or less impractical. It is quite impossible to transfer at once 
the results of physiological studies on various animals to man even though these 
results may be very clear cut and readily duplicable. Everyone who has had 
experience in the pure physiological field is only too well aware of the tremendous 
differences that exist in the responsiveness of individuals of different species to 
the same basic hormone treatment. Probably in no branch of endocrinology is 
this ‘species difference’ more outstanding than in the field of sex physiology. 
Quite irrespective then of the degree of clarity that has been attained in elucidation 
of the physiological or pharmacologic properties of chemically pure hormones or 
extracts of hormones, the clinical value — if any — of such work must be determined 
by clinical experiment by clinicians working alone or in collaboration with their 
colleagues of the laboratory. It is for this reason that this volume on endocrine 
gynecology by Dr. Hamblen is in my opinion very timely. . . ." (From Dr. 

Collip’s Foreword.) 

The Essentials of Medical Treatment. By David Murray Lyon, M.D., 
D.Sc., F.R.C.P. Ed., Professor of Clinical Medicine, The University, 
Edinburgh. Pp. 448; 19 illustrations. Edinburgh: Oliver & Boyd, 
1939. Price, 15/-. 

NEW EDITIONS. 

Fractures. By Paul B. Magnuson, M.D., F.A.C.S., Associate Professor 
of Surgery, Northwestern University Medical School; Attending Surgeon, 
Passavant Memorial Hospital and Wesley Memorial Hospital, Chicago. 
Pp. 511; 319 illustrations. Third Edition, revised and enlarged. Phila- 
delphia: J. B. Lippincott Company, 1939. Price, $5.00. 

Magnuson's new third edition of “Fractures” is thoroughly modern. It is well 
illustrated. The bibliography is extensive and contains important recent references. 
The text emphasizes the fundamental processes upon which the successful treat- 
ment of fractures must be based. This work is probably the best treatise in Eng- 
lish dealing with fractures. G. W. 

The Merck Index. An Encyclopedia for the Chemist, Pharmacist, Physi- 
cian, Dentist and Veterinarian, Containing useful scientific data and 
other information on the physical, chemical and medicinal properties, 
as well as the various uses, of chemicals and drugs; also more than 4500 
chemical clinico-chemical reactions, tests and reagents; formulas for 
preparation of culture media, fixatives and staining solutions; useful 
tables; antidotes for poisons; literature references. Pp. 1060. Fifth 
Edition. Rahway, N. J.: Merck & Co., Inc., 1940. Price, $3.00. 

This valuable publication, inexpensive because it is published on a non-profit 
basis, contains a mass of highly useful and accurate information of the kind indi- 
cated in the subtitle. The present edition represents the biggest revision that has 
been undertaken since the first edition appeared in 18S9, almost doubling the size 
of the fourth edition (1930). It will be of use to physician, dentist, veterinarian, 
and to the laboratory worker as well as the clinician. E. K. 

Human Helminthology. A Manual for Physicians, Sanitarians and Medical 
Zoologists. By Ernest Carroll Faust, A.B., M.A., Ph.D., Professor 
of Parasitologj' and Director of Laboratories, Department of Tropical 
Medicine, Tulane University of Louisiana, New Orleans. Pp. 780; 302 
illustrations. Second Edition, thoroughly revised. Philadelphia: Lea 
& Febiger, 1939. Price, $8.50. 
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A CLASSIFICATION OF HEMORRHAGIC DISEASES DUE TO 
DEFECTS IN THE COAGULATION MECHANISM 
OF THE BLOOD. 

Based on Recently Published Studies. 

Great strides have been made during the past few years in the study 
of the coagulation of blood. Much knowledge has rapidly accumulated, 
and has found immediate clinical application. No comprehensive 
attempt, however, has been made to organize this new information or 
to utilize it for outlining a classification of hemorrhagic diseases which 
tlie clinician can use as a guide both in diagnosis and in treatment. The 
object of tliis review is to develop such a classification. 

It is fairly well recognized as Kugelmass®' pointed out, and as Madison 
and Squier^^ have recently reemphasized that the body has a dual 
defense against hemorrhage: the first being the coagulability of the 
blood, and the second, the vascular response to trauma and injury. Sur- 
prisingly, the latter factor is in all probability involved in many more 
bleeding conditions than is the defective coagulation of blood. The 
importance of the vascular defense is strikingly illustrated by a case 
recently described by Macfarlane.’- The blood of his patient was eom- 
pletely lacking in fibrinogen, presumably from birth, and therefore 
could not clot. Nevertheless this patient had reached the age of S 
years without encountering any hemorrhage that could not be controlled. 

So little is known about the fundamental factors of the vascular 
response that one ean only recognize the existence of a group of hemor- 
rhagic diseases, notably the purpuras, in which it is fairly certain that 
the basic defect is vascular. Madison and Squier hold that a group of 
hemorrhagic diseases are of a mixed type, i. e., partly vascular and partly 
involving dysfunction of coagulation. Until further trenchant knowl- 
edge on this subject has accumulated, it seems futile to attempt any 
extensive discussion or to offer any elaborate classification of these 
di.seases. 

In regard to the first defense mechanism against hemorrhage, namely, 
the coagulation of the blood, sufficient data are now available to allow 
the formulation of a satisfactory theory to explain the coagulation mech- 
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anism and to use this as the basis for a classification of hemorrhagic 
diseases. 

As the culmination of the researches begun by Alexander Schmidt 
and extended by the work of Hammarsten, Arthus and Pages, Pekel- 
haring, Fuld and Spiro, Bordet, Howell, Morawitz and others,-'^*’ there 
has evolved a simple theorj'^ for the explanation of the coagulation mech- 
anism, which Wohlisch'^^'’ has appropriately named the classical theory 
of coagulation. It is concisely expressed in the form of two equations: 

Prothrombin + thromboplastin -J- calcium = tlu-ombin 

Fibrinogen -f thrombin = fibrin 

It can be seen that the elotting process consists of two distinct steps: 
first, the formation of thrombin; and secondly, the conversion of fibrin- 
ogen by thrombin to fibrin. It is important to note that only four 
primary factors are required for the clotting of blood, namely, prothrom- 
bin, thromboplastin, calcium, and fibrinogen; and obviously a deficiency 
of anj'^ one of these will wholly inhibit or markedly delay the coagula- 
tion of blood. It is therefore desirable to summarize briefly the most 
important facts known about these four agents in order that their 
significance in the various hemorrhagic diseases can be fully under- 
stood. 

Prothrombin. This agent is the precursor or mother substance of 
tlirombin, the active coagulating enzyme. It is believed to have the 
nature of a proenzyme, is closely associated with the serum protein, 
globulin, is inactivated at 60° C., and is removed from plasma by alu- 
mina cream, magnesium hj'droxide, and other similar adsorbing agents. 
It is apparently found exclusively in the plasma and is not derived from 
the platelets as was formerly assumed.”" The view that prothrombin 
is combined with an antiprothrombin similar to or identical with heparin 
has been largely abandoned, especially since no evidence can be found 
that normal blood contains any anticoagulant such as heparin.'*^*’ 
Several methods for the determination of prothrombin have been devel- 
oped. Quick’s'*^"-'*® method is based on the clotting time of oxalated 
plasma after adding an excess of tlrromboplastin and a fi.xed amount of 
calcium. From the clotting time, the prothrombin can be determined 
by means of a chart prepared by the author. In a second method 
(Warner, Brinkhous and Smith®^) the plasma is diluted, after which the 
prothrombin is converted to thrombin. From the dilution required to 
obtain a thrombin solution which will clot a preparation of fibrinogen 
in 15 seconds, the concentration of prothrombin is empirically calculated. 
An induect method for determining protlirombin is employed by Dam 
and Glavind.”" It consists in finding the minimum amount of thrombo- 
plastin required to clot, in 3 minutes, blood to which a fixed quantity of 
heparin has been added. 

Studies made on the prothrombin content of normal blood disclose 
two interesting findings: first, the constancy of the protluombin level, 
and second, the large excess which is many times more than the physi- 
ologic requirements. It has been shown by Quick, Stanley-Brown, 
and Bancroft®® that S0% of the prothrombin can be lost before the 
coagulation time is appreciably prolonged; and clinically it has-been 
found that serious hemorrhage does not occur until the prothrombin 
sinks below 20 •®® 
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Thromboplastin. This substance has the function of converting 
protlu’ombin into active thrombin. In this reaction ionized calcium 
is essential. Whether thromboplastin merely activates prothrombin, 
or whether it actually unites chemically is not knoAvn. Recently Eagle 
and Harris^® have demonstrated that trypsin can change prothrombin 
to thrombin. This finding suggests the possibility that the action of 
thromboplastin may likeAvise be that of an activating enzyme. If this 
can be proA'^ed, the term thrombokinase should replace thromboplastin. 
In the past many other names have been applied to this agent, such 
as tissue extract, tissue fibrinogen, cytocyme, thrombocyme, cephalin, 
and platelet factor. 

Thromboplastin is Avidely distributed in the body as an intracellular 
substance. In the blood, it occurs locked up in the platelets and per- 
haps is present also in the leukocytes. Certain tissues, notably the 
brain, lungs, and thymus, are partieularly rich in thromboplastin. It 
apparently never occurs free, but is liberated AvheneA'^er tissue cells are 
injured or ruptured. In blood uncontaminated by tissue juices, the 
thromboplastin is derived solely from the platelets. The liberation of 
thromboplastin from platelets, therefore, appears to be the prime 
factor in determining the clotting time of blood obtained by veni- 
puncture. The sloAvness Avith AA'hich thromboplastin is liberated is 
illustrated by this simple e.xperiment: On placing 1 cc. of blood obtained 
by venipuncture in a small test tube, it Avill remain liquid for 4 to 8 
minutes, Avhereas if the same' quantity of blood is mixed Avith a drop of 
an active tlmomboplastin solution, coagulation occurs in less than 20 sec- 
onds. Thromboplastin is fairly resistant to heat. Even on boiling for 
seA'eral minutes, not all of its actiAuty is lost. Oxidation, however, 
destroys its potency, perhaps because of the presence of unsaturated 
lipoids in its molecule. It is AAddely accepted that cephalin is a constitu- 
ent of the thromboplastin complex. 

Calcium. For the conA^ersion of prothrombin to thrombin, ionized 
calcium is essential. Whether this element is present in the thrombin 
molecule has not been decisively ansAA’^ered, but it appears certain that 
the presence of calcium is not needed for the action of tlu-ombin on fibrin- 
ogen. This is the original auoaa' of Hammarsten Avhich recently has 
receiA’ed strong support from the careful research of Weitnauer and 
Wohlisch."® 

Calcium appears to play an important part in the lysis of platelets. 
Early AA’orkers obserA^ed the preserA’^ation of platelets in decalcified blood, 
and Ferguson'® has conA’incingly demonstrated that ealcium alters the 
platelet in such a manner that the osmotic pressure AA’ithin the cell is 
increased thus causing it to take up AA'ater to the point of disruption. 
The AATiter recently has observed that goose blood, AsEich Avill remain 
liquid for days, can be made to clot in a feAv minutes by adding a small 
amount of calcium chloride. 

Fibrinogen. This exceedingly labile plasma protein has the prop- 
erty of being conA-erted from a colloidal solution or sol to an insoluble 
gel by the action of thrombin. In this process, the fibrin forms fine 
needles or threads AA'hich enmesh the cellular constituents of the blood. 
Toeantins'" has shoAvn that platelets AA'ill attach themseh’es to the shaft 
of these fibrin threads, and in some inexplicable AA'ay cause these fibrin 
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strands to bend and twist thereby effecting a compression of the fibrin 
mass which is grossly recognized as clot retraction. 

Not only do the platelets bring about the contraction of the clot, 
but also in some obscure manner they increase the adhesiveness of the 
fibrin to surfaces with which it comes in contact. The importance of 
this in hemostasis is obvious. The clot Avithin the lumen of a severed 
blood-vessel by adhering tightly to the wall will bring about by its con- 
traction a mechanical constriction of the blood-vessel. _ 

Fibrinogen occurs not only in the plasma, but also in lymph, chjde, 
exudates and transudates. Undoubtedly this protein plays as important 
a part in tissue repair work as it does in coagulation. 

Thrombin. This substance is not a primary factor, but a resultant 
from the interreaction of prothrombin, calcium and thromboplastin. 
Most investigators are accepting the view that thrombin is an enzyme 
which acts specifically on fibrinogen. An excellent summary of the 
evidence for the hypothesis has been presented by Eagle.‘^‘= Certain 
snake venoms such as that of the tiger snake contain a substance similar 
or identical to thrombin, which is responsible for their powerful coagu- 
lant action. Recently Quick^"'" has shoAvn that thrombin is inactivated 
by serum albumin, and he has concluded that this serum protein is the 
normal antithrombin of the blood Avhich is responsible for the rapid dis- 
appearance of thrombic activity in fresh serum. It should be noted 
that serum albumin does not inhibit the coagulation of fibrinogen, but 
acts only after the conversion to fibrin has been complete. 

For a comprehensive understanding of the coagulation problem, it 
is essential to know that the clotting time is proportional to the concen- 
tration of thrombin. Fuld^® expressed the relationship between the 


clotting time and the concentration of thrombin as follows: log -- = 

Vo , , 

.0585 log — ■ (t = clotting time; y = concentration of tln-ombin).' 
yi 

Martin^^ stated it more simply; ty = a constant. Barrett^ more 
recentlj’’ has elaborated on Martin’s equation. These equations unfor- 
tunately are not suitable for practical application. Recently the 
author found that it Avas possible to prepare a thrombin solution liaAnng 
a high and constant activity.'*'^* IMien one part of this solution is mixed 
Avith tAA'o parts of oxalated plasma, a clot is formed in exactly 3 seconds. 
By progressiA^ely diluting the thrombin solution, the clotting time is 
increasingly retarded, and if the clotting times are plotted against the 
concentrations of thrombin, a curA’^e is obtained, which OA'er a Avide range 
including the crucial portion of the curA'^e corresponds to the equation: 

c.t. = a -f- - . (c.t. = clotting time; c = concentration of thrombin; 


a and k constants haA'ing the A^alue 2.38 and 88, respectiA'el^”^, proAuded 
the throrribin solution AA’hich causes clotting in 3 seconds is taken as 
100%.) By means of such a standard thrombin solution, any blood can 
be tested for the presence of heparin or similar antithrombogenic agents 
as Quick*'"^ has, for example, demonstrated in the plasma after peptone 
shock. 


On the basis that prothrombin, thromboplastin, calcium and fibrino- 
gen are essential for the clotting of blood, and furthermore that coagula- 
voL. inn, Ko. 1. — jANBARr, inio 5 
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tion can be inhibited by the presence of natural anticoagulants such as 
heparin in plasma, a simple classification of hemorrhagic diseases 
(exclusive of those due to vascular disturbance) can be outlined. Absence 
or marked deficiency of any one of the primary factors gives rise to four 
potential classes of bleeding diseases, and a fifth type arises ■when a 
sudden liberation of heparin or a heparin-like substance occurs into the 
blood stream. An attempt will be made to group the common hemor- 
rhagic diseases into these 5 classes. Although prothrombin and throm- 
boplastin are treated as single substances, due cognizance is given to 
the possibility that these agents, like complement, may be made up of 
several components. If this be found, the classification would merely 
need to be enlarged, but not fundamentally altered. 

1. Diminished Prothrombiii. A. Deficiency of Vitamin K. (o) 
Dietary Origin. In 1934 Dam and Schonheyder'- in Denmark, and the 
next year Almquist and Stockstad-” in this country demonstrated that 
a hemorrhagic disease could be produced in chicks fed a diet complete 
in all respects except for a new unknown factor, which was fat soluble. 
Dam named this new substance vitamin K. Almquist found that an 
ether extract of alfalfa had a high concentration of this vitamin and 
readily cured the bleeding dyscrasia in chicks. In 1936 Dam, Schon- 
heyder and Tage-Hansen*^ found that they could not isolate pro- 
thrombin from the blood of chicks kept on a vitamin-K-poor diet, and 
Quick^^* a few months later showed that the prothrombin began to 
diminish 4 days after removing vitamin K from the diet, and could be 
reduced to less than 10 % of normal in less than 3 weeks. He furtlier 
found that the prothrombin was promptly restored to normal by adding 
2 % alfalfa meal to the diet. These results definitely demonstrated that 
vitamin K is necessary for the synthesis of protlirombin in the chick. 
Recently, Greaves-- succeeded in developing a hemorrhagic condition 
in rats solely by depriving the animal of vitamin K. The great majority 
of the rats, however, retained their prothrombin level even after pro- 
longed deprivation of this food factor. It is well known as the result 
of Almquist’s studies-*” that vitamin K is synthesized by the bacteria 
in the intestinal tract, and this undoubtedly explains the difficulty of 
producing a hypoprothrombinemia by dietary means alone. It is 
therefore doubtful whether in the adult an inadequate diet by itself 
can ever affect the prothrombin concentration. There is reason to 
believe, however, that the hemorrhagic diathesis of the newborn may 
be caused purely by a lack of vitamin K and the disease therefore will 
be discussed under this heading. 

Hemorrhagic Disease of the Ncivhorn. It now appears to be quite 
certain that a deficiency of protlirombin is the cause of the hemorrhagic 
disease in the newborn. Brinkhous, Smith and Warner*”® reported 1 case 
in which the prothrombin was extremely low, and recently Waddell, 
Guerry, Bray and Kelley*”® published 2 more cases in which the prothrom- 
bin likewise was greatly reduced. Since the latter 2 babies responded 
promptly to vitamin K administration, one can conclude that deficiency 
of this vitamin exists in certain babies. Brinkhous ct ah, concluded 
that the prothrombin in newborn babies is normally less than 40% of 
the adult concentration, does not exceed this level up to the age of 
2 weeks, and does not attain the normal level until at the end of the 
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first year. Their study is rather unsatisfactory since only 3 babies less 
than ‘11 days old (5, 8 and 8 days) are included in the series which they 
report. Quick and Grossman'*® were unable to confirm the findings of 
Brinkhous and his associates. On the contrary, they found that the 
prothrombin of babies 3 days or older was with few exceptions entirely 
normal. Furthermore, in babies 6 hours old, the protlirombin likewise 
was not greatly reduced. The values ranged from 70 to 80 %. Surpris- 
ingly, however, in 2 out of 3 babies that were I day old, a very drastic 
reduction in the prothrombin was found, but this low level appeared to 
be of short duration since a prompt spontaneous rise occurs which in 
1 or 2 days brings the prothrombin back to normal. These results have 
been confirmed bj'^ the Iowa investigators*- with the use of Quick’s 
prothrombin method. These findings greatly aid in understanding the 
nature of the hemorrhagic diathesis of the newborn. Apparently no 
reserve of prothrombin is built up in the fetus, and in 24 hours after 
birth this clotting factor maj'^ drop to a dangerously low level. Normally, 
a prompt spontaneous recovery of the prothrombin concentration occurs. 
If this is delaj^ed, the typical hemorrhagic disease of the newborn 
develops. Vitamin K readily cures the disease. The source of the vita- 
min K which brings about tbe normal restoration of prothrombin remains 
to be found. As the baby consumes scarcely any food up to the time 
recovery is noted, an outside supply is improbable. Since vitamin K 
is synthesized by bacterial action within the intestine, it is logical to 
conclude that as soon as the baby takes water or food it infects the 
intestinal contents which at birth are sterile. With the establishment 
of an intestinal flora, the synthesis of vitamin IC begins, and its absorp- 
tion vdth the aid of bile ends the danger of bleeding. It seems not 
unlikel}^ that the most important source of vitamin K in both infants and 
adults may be the products produced by bacteria within the upper 
intestinal tract. 

(b) Fmdiy Absorption. It is well known that bile fistula dogs can 
develop spontaneous hemorrhage.®® Hawkins and Brinkhous®® found 
that the prothrombin was greatly diminished in these animals. More 
recently Greaves and Schmidt®® showed that the prothrombin could be 
markedly lowered by either ligation of the bile duct or by making a 
biliary fistula. The prothrombin level in such rats could readily be 
elevated by either massive doses of vitamin K or by feeding bile salts. 
Tlie suggestion of Quick*'* that the absence of bile in the intestine leads 
to impaired absorption of vitamin K with a resultant lowering of plasma 
prothrombin is also the conclusion of subsequent workers. 

It is highly improbable that a prothrombin deficiency can be pro- 
duced in the adult by dietary means alone. Thus far a reduction of pro- 
thrombin has been observed only in biliary tract disease. Quick, 
Stanley-Brown and Bancroft in 1935®® reported that in certain cases of 
jaundice a severe diminution of prothrombin was found. In 1938 these 
findings were corroborated by Brinklious, Smith and Warner,®® and 
by Snell and others of the IMayo Clinic.®® Both groups of investigators 
demonstrated the efficacy of treating this deficiencj^ condition vdth 
vitamin K and bile salts. During the past year others**® •®®'®® have added 
cases of biliary disease including biliary fistula in which the hemorrhagic 
diathesis was successfully treated with bile and a vitamin K concentrate. 
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(c) Spnic. EngeP'^ has reported that the hemorrhagic diathesis 
observed in sprue may be attributed to lack of vitamin K. It is highly 
probably that a low protlirombin concentration will also be found in 
various other conditions in which one may expect inadequate absorp- 
tion of fat soluble %utamins. This conclusion has since the completion 
of this paper been clinically confirmed by Clark, Dixon, Butt and Snell4® 
They observed a deficiency of prothrombin in sprue, intestinal poly- 
posis, chronic ulcerative colitis, gastrocolic fistula, and other conditions. 

B. Liver Damage. A tendency to bleed often occurs in severe liver 
injury, and is frequently observed in acute yellow atrophy. In these 
conditions the fibrinogen is greatly diminished and it has been quite 
generally assumed that this accounted for the hemorrhagic condition. 
Recently Smith, Warner and Brinkhous*® found that when a dog was 
subjected to prolonged chloroform anesthesia, a marked drop in pro- 
thrombin occurred which was far more abrupt and severe than the 
decrease in fibrinogen. Quick"*"-^ likewise found that he was able by this 
means to reduce the prothrombin to less than 5 % of normal. In view 
of these findings, it seems reasonable to postulate that in extensive 
parenchymatous damage of the liver, the cause of bleeding is the reduced 
concentration of protlirombin, and it seems safe to predict that further 
study will disclose that the blood in acute yellow atrophy is markedly 
deficient in protlirombin. Warner®® was able to reduce the prothrombin 
level by partial hepatectomy, which further emphasizes the important 
role played bj'^ the liver. Warren and Rhoads®® found that after total 
hepatectomy in the dog, a rapid decline occurred in the prothrombin 
of the plasma. These authors concluded from their results that the 
liver is essential for the formation of prothrombin. 

The effect of liver damage on the protlirombin concentration of the 
blood is perhaps of greatest significance in the jaundiced patient. There 
are great variations in the response that patients with diminished pro- 
thrombin show to vitamin K therapy. A few react promptly and often 
even spectacularly while others respond sluggishly. Assuredly an ade- 
quate supply of lutamin K and good absorption are not the only factors. 
Utilization of this food accessory substance is equally important. It 
seems permissible to assume that the liver is concerned in converting 
vitamin K into the protlirombin component; consequently, if liver func- 
tion is seriously impaired, the synthesis of prothrombin is decreased 
even though enough of the idtamin is consumed to fulfill adequately the 
normal metabolic demands. In other words, if impaired liver function 
occurs, more vitamin K is required to compensate for the faulty util- 
ization. In the jaundiced patient, the diminished prothrombin may thus 
be due either to inadequate absorption or to faulty utilization ; and per- 
haps in many cases both factors are present. 

C. Sweet Clover Disease. Cattle which are fed sweet clover hay 
that has been spoiled are apt to develop a severe hemorrhagic disease 
which has considerable economic significance. Frequently simple 
operations such as castrating bull calves, and dehorning cattle, are 
followed by uncontrollable hemorrhage. Roderick®^ who was the first 
to investigate this disease thoroughly, observed that the prothrombin 
was decreased. This finding was confirmed by Quick,'*"' who studied the 
decrease of this clotting factor quantitatively. It is quite certain that 
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the sole coagulation defect in this disease is a severe reduction of the 
prothrombin of the blood, but how this is brought about is not known. 
Since the prothrombin is promptly restored as soon as the toxic hay is 
replaced by a normal diet, it seems rather improbable that any signifi- 
cant organic damage has occurred. It seems more likely that a toj^ic 
principle found in this hay directly inactivates the prothrombin. _ If 
this assumption is correct, one must recognize the possibility that similar 
toxic agents may perhaps be encountered clinically which may attack 
the prothrombin of the blood. At present, however, no human disease 
is Imown which resembles the condition produced by feeding toxic 
sweet clover to rabbits and cattle. 

2. Calcium Deficiency, Although calcium plays an exceedingly 
important part in the coagulation mechanism, it is very doubtful whether 
even the extreme variations in its concentration which occur pathologic- 
ally can influence the clotting time. In vitro experiments indicate that 
the concentration of calcium within a fairly wide range has no significant 
influence on the rate of coagulation. No hemorrhagic diathesis is 
associated with parathyroprivia although in this condition the calcium 
may reach the lowest concentration compatible with life. Ravdin, 
Riegel and Morrison^^ found that a patient in parathyroid tetany with 
a serum calcium of 4.6 mg. per 100 -cc. had a normal coagulation time. 
At present, therefore, it is not possible to name any clinical or experi- 
mental bleeding condition that can be attributed to a deficiency of 
calcium. Nevertheless, much remains to be knoum. The influence of 
ionized and un-ionized calcium on the stability of platelets may perhaps 
be of much greater clinical importance than one would suspect. 

3. Thromboplastin Deficiency. Thromboplastin appears to be widely 

distributed in the body as an intracellular substance, but only the frac- 
tion locked up in the platelet seems to be responsible for bringing about 
dysfunction of the coagulation process. In order for blood to clot, free 
or available thromboplastin is required. If there is no contamination 
of tissue juices, the only source is the platelet. An inadequate sup- 
ply of thromboplastin obviously may arise in three ways : 1. Reduction 

in the number of platelets. 2. Platelets deficient in thromboplastin. 
3. Abnormal resistance of platelets to lysis. 

A jmori it would seem that one can classify thrombocytopenia as a 
hemorrhagic disease on the basis of decreased thromboplastin. No 
doubt when prolonged coagulation in this disease is encountered, it maj’’ 
wellbetheresultof thromboplastin deficiency. Howell-'® has studied such 
a patient, who had a platelet count of 64,000 and also had a prolonged 
coagulation time. The platelet appears to have another funetion, a 
specific effect on capillary permeability, and in the purpuras this second 
function far overshadows the thromboplastin factor. 

Apparently a marked reduction in platelets can occur without bringing 
about a delay in the clotting time. Interestingly a number of patients 
have been studied who may shift from a condition of hemophilia with 
a normal number of platelets but a delayed coagulation time to a purpuric 
syndrome witli a marked thrombocytopenia but a normal clotting time. 
Such^ cases have been described by Pickering*^ and by IMinot and Lee.’*' 
The information concerning the qualitative and quantitativ'^e variations 
of thromboplastin in the platelet is too conflicting and uncertain to be 
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of any specific value in differentiating and classifying hemorrhagic 
diseases. The importance of abnormal stability of platelets ■will be con- 
sidered in the following section, “Hemophilia.” 

A. Hemophilt-^. An adequate discussion of this subject would go 
well beyond the confines of this paper. An attempt will be made merely 
to show how much of the experimental evidence points to the possibility 
that in hemophilia the platelets are abnormally resistant and therefore 
yield thromboplastin too slowly to bring about coagulation within the 
normal time. The fact that hemophilic blood will always ultimately 
clot shows that no essential factor is absent. 

What are the findings that suggest an inadequate quantity of thrombo- 
plastin? In 190S Morawitz and Lessen®’ found that hemophilic blood 
clotted extraordinarily rapidly when an extract of kidney tissue was 
added. Kottmann and Lidskj^® achieved the same rapid clotting with 
a liver extract. Schlossmann®’ and Mills®® likewise demonstrated the 
effectiveness of tissue extracts. Since the tissue extracts of organs are 
almost always badly contaminated with prothrombin or thrombin, these 
earlier experiments were not entirely satisfactory. Quick, Stanley- 
Brown and Bancroft®® succeeded in preparing a highly active preparation 
of thromboplastin from rabbit brain, which was free from prothrombin 
and thrombin. On adding a measured amount of this active material 
to hemophilic blood and to normal blood, both coagulated with equal 
rapidity. From these results Quick'”® concluded: “This suggests that 
in hemophilia the prothrombin is normal in quantity and quality but 
thromboplastin is deficient.” 

Were prothrombin qualitatively altered, i. c., less reactive as Addis 
and, more recently, Eagle'^® have postulated, one would expect that 
the action of thromboplastin would not be as effective on hemophilic as 
on blood containing normal prothrombin. HowelP’® in a recent compre- 
hensive study on hemophilia has pointed out the probable error in the 
experimental studies of Addis and Eagle on which tlieir conclusion is 
based. As the result of his latest studies, Howell concludes: “As far 
as blood is concerned we may conclude that one real difference between 
normal and hemophilic blood is that the latter contains less thrombo- 
plastin in its plasma. There may be other differences, but they have 
not been discovered. It would seem permissible to assume that this 
deficiency is sufficient to e.xplain the prolonged clotting time of hemo- 
philic blood.” 

Since thromboplastin takes on a new significance in the consideration 
of the basic defect in hemophilia, attention must be directed to the 
important source of this clotting factor, namely, to the platelet. Since 
the thromboplastin is locked up in the platelet and becomes available 
only after the latter disintegrates, the importance of the stability of these 
cellular elements is obvious. It seems that the environment rather than 
the platelet itself is the real determinant. Howell states that when plate- 
lets arc removed from their natural environment, freed from plasma, 
and suspended in saline solution, they become exceedingly resistant, and 
do not break down when they come in contact with a foreign surface. 
Clearly this suggests that some factor in plasma governs the resistance 
of the platelet in plasma, and as a working hypothesis one might venture 
to suggest that this labilizing influence is absent or depressed in hemo- 
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philia. In support of this is the finding of Govaerts and Grata-^ that 
platelets of hemophilic blood disintegrate normally in non-hemophilic 
plasma. Fonio,*® however, found that washed normal platelets dis- 
integrated as rapidly in hemophilic plasma, whereas the Avashed hemo- 
philic platelets appeared more stable. More studies are required before 
one can definitely decide AA^hether the abnormal stability of the platelet 
resides in the cell itself, or in its environment. It is fairly generally 
accepted, hoAvever, that the platelet is more resistant in hemophilia, 
and many inA’^estigators, particularly Sahli,®® W6hlisch,^^“ Minot and 
Lee,^® Fonio,'® HoAvell and Cekada,^* and Opitz and ZAveig^^ have fur- 
nished experimental evidence to support this conclusion. 

It seems justifiable to classify hemophilia as a hemorrhagic disease 
caused by an insufficiently aA^ailable supply of thromboplastin. No 
attempt Avill be made to discuss the important Avork of Patek and Stet- 
son,®® Pohle and Tajdor,®® Bendien and Van Creveld.® There is nothing 
in their findings AAdiich alters the general concept of hemophilia that has 
been presented. 

4. Fibrinogen Deficiency. A. Acquired Fibrinogenopenia. The 
normal range of fibrinogen is roughly 0.2 to 0.4%, but may fluctuate 
beyond these limits. Since fibrinogen is essentially a passive agent in 
the coagulation process, its concentration Avitbin a Avide range has no 
significant influence on the clotting time. Obviously, hoAA'CA'er, the 
density of the clot depends on the amount of fibrinogen in the blood, 
but even in this respect there is a A\'ide margin of safety, for the fibrino- 
gen may be greatly diminished, to as Ioav as 0.02 %, according to Risak,®® 
Avithout causing any eAudence of a hemorrhagic tendency. As a matter 
of fact, a loAv fibrinogen Avith normal adhesiveness and clot retractive 
poAver is far superior hemostatically to a fibrinogen normal in amount 
but lacking these tAvo essential properties. Nevertheless, a critical 
concentration must exist beloAV AAdiich imperfect clot formation occurs, 
but no satisfactory determination of this leAml has been made. 

Loav fibrinogen may result from nutrition deficiency. Ham and 
Curtis®® have shoAvn that this may occur in pernicious anemia, scurA'y 
and pellagra, thus confirming earlier AA’ork by Starlinger and Winands.®® 
A marked fibrinogenopenia may be sometimes found in myelogenous 
leukemia, myelogenic sarcoma, and other diseases inAmlAung the blood 
forming organs.®® Of great significance is the report by Jurgens and 
TrautAA'ine®® of a patient AA'hose blood Avas completely incoagulable due 
to the absence of fibrinogen. On autopsy it AA'as found that the liA'er AA’as 
normal, but a AA’idespread destruction of bone marroAV had occurred due 
to metastasis from a prostatic carcinoma. Opitz and Silbermann®® 
reported a similar case caused by generalized tuberculosis. 

Loav fibrinogen A’alues are found in seA'ere liA'er damage, especially 
in acute yelioAv atrophy. It is neA’ertheless doubtful whether the fibrino- 
genopenia is the actual cause of Ahe bleeding AA’hich is frequently 
obserA'ed. As lias already been stated, liA'er injury is usually folloAved 
by a drastic reduction of the prothrombin, and it seems certain that this 
latter factor is by far the more important in bringing about a hemorrhagic 
tendency. Smith, V arner and Brinkhous®® shoAA'ed that in dogs poi- 
soned Aidtli chloroform, the prothrombin dropped more abruptly, to 
a greater degree, and for a longer period, than did the fibrinogen con- 
centration. 
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Certain snake venoms such as that of the black snake of Australia 
and the tiger snake will clot fibrinogen in Tiro, thus causing its complete 
disappearance from the blood.^ This causes the incoagulability of the 
blood observed after a snake bite by these species. The hemorrhagic 
phase, however, is of short duration since fibrinogen again appears in 
the blood after several hours. 

B. Congenital Fibrinogenopenia. Consistent and complete ab- 
sence of fibrinogen from the blood due presumably to an inborn anabolic 
error has been reported only 3 times. Rabe and Salamon®^ described the 
first case in 1921, and the following year Opitz and FreP® published the 
second. Last year Macfarlane®® presented a detailed case report of a 
third patient with congenital absence of fibrinogen. The first and third 
children were over 8 years old, indicating tlie importance of the vascular 
defense mechanism against hemorrhage, since in neither case was there 
any evidence that the blood was at any time coagulable. In the first 
patient, the platelets were normal in number but appeared resistant, 
whereas the third had a thrombocytopenia up to the age of S. Macfar- 
lane believes that the defect is inherited and has a recessive character. 
The parents of his patient were first cousins. Consanguinity of the 
paternal grandparents of their patient was reported by Rabe and 
Salamon. 

It is interesting to note, but difficult to understand, that in spite of 
the complete incoagulability of the blood the 2 patients that lived to 
be S years of age seemed to have escaped serious incapacitating hemor- 
rhages, such as bleeding into joints, more successfully than is usually 
the case in severe hemophilia. 

The differential diagnosis between true hemophilia and fibrinogeno- 
penia offers no difficulty. The simple addition of a few drops of throm- 
boplastin solution such as is used in Smith’s or Quick’s prothrombin 
method will cause hemophilic blood to clot promptly, but will have no 
action on the second blood. 

5. Anticoagulants. The presence in the blood of anj*^ agent which 
neutralizes or inactivates one of the four factors required for coagula- 
tion can hjTDOthetically bring about a hemorrhagic state. The anti- 
thrombins and possibly the antiprothrombins, however, are the only 
ones which need to be considered clinically. There is no evidence that 
the blood ever contains any substance which renders fibrinogen inco- 
agulable, or neutralizes tliromboplastin. Likewise, the agents which 
prevent clotting by remo^•ing ionized calcium, such as the soluble 
oxalates and citrates, although very valuable for in vitro experiments 
are not encountered clinically as causes of hemorrhage. Except for 
the use of sodium citrate in transfusion, no extensive use of these 
reagents to inhibit coagulation in vivo is made at present. 

In considering the antithrombins, it is important to recognize that 
blood contains a natural neutralizing agent of thrombin, which Quick^"® 
has shown to be either serum albumin itself or a substance closely 
associated with this protein fraction. Both fibrinogen and albumin have 
an affinity for thrombin, but the former is much greater. The fibrino- 
gen-thrombin complex is very likely an intermediary step in the conver- 
sion of fibrinogen to fibrin. As soon as fibrin is formed, thrombin is 
reliberated to react with more fibrinogen, and only when coagulation is 
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complete does the albumin get a chance to combine and thereby neutral- 
ize thrombin. Quick has furthermore offered experimental evidence to 
show that heparin, which is per sc not an antithrombin, acts by inten- 
sifying the antithrombin activity of serum albumin. By adding heparin 
to blood, a strong anticoagulant presumably an albumin-heparin com- 
plex is formed, which combines with thrombin before the latter can 
react with fibrinogen. It is entirely probable that this albumin-heparin 
complex likewise combines with prothrombin, thus preventing the 
formation of thrombin. Such a hypothesis will explain the recent find- 
ings of Brinkhous, Smith, Warner and Seegers'^ that heparin in conjunc- 
tion with an unidentified substance of the plasma prevents the formation 
of thrombin. It is logical to speculate that this imknown factor is 
serum albumin. Due to the work of Best and his co-workers, heparin 
is now widely used to make blood less coagulable as a prophylaxis against 
thrombosis. 

It is unlikely that heparin is present in normal blood. Quick^^*' has 
developed a titration method for detecting heparin in plasma, which is 
easily sensitive to less than 1 mg. of crude heparin per 100 cc. of blood. 
He was unable to find any trace of heparin in normal plasma. There is, 
however, good evidence that heparin or a closely related substance 
appears in the blood both in peptone and in anaphylactic shock. As 
the result of his studies, Howell-^" attributed the incoagulability of the 
blood in peptone shock to heparin. Quidd"*' confirmed Howell’s work 
and showed that the blood contained the equivalent of 1 mg. or more 
crude heparin per 100 cc. 5 minutes after the injeetion of peptone. 
Eagle, Johnston and Ravdid® demonstrated that anaphylactic shock 
was regularl 5 '’ associated with the presence of increased amounts of 
antithrombin in the blood. They did not attempt to correlate their 
findings Avith heparin. Earlier AA'orkers, particularly Pepper and 
Krumbhaar^^ and Zuhz and La Barre,’- had likeAvise come to the con- 
clusion that the antithrombin A\'as responsible for the delayed clotting 
in anaphylactic shock. Recently Waters, MarkoAvitz and Jaques®® 
employing the finding of Chargaff and Olson® that protamine completel}' 
remoA'es heparin from blood, AA'ere able to determine quantitatiA’^ely the 
heparin in the blood after both peptone and anaphylactic shock. They 
further found that no antithrombin occurred in a shocked liA’^erless dog, 
and concluded that this organ AA’^as responsible for the outpouring of 
heparin. Thus, the incoagulability of blood in the tAvo experimental 
types of shock can Ije attributed to the sudden liberation of heparin into 
the blood. It seems justifiable to predict that if the blood of a patient 
in anaphylactic shock be analyzed it likeAAise Avill shoAv the presence of 
heparin. 

jManj" other substances are knoAA'n Avhich can inhibit the actiA'itj’^ of 
thrombin. Of these, certain sulphur compounds such as cysteine, methi- 
onine, taurine and taurocholic acid, liaA'e been shoAA'n by Sterner and 
IMedes®® to act as anticoagulants. Earlier Carr and Foote® attributed 
the hemorrhagic tendency in jaundice to cysteine. With the advent of 
A’itamin K, this hypothesis has been largely abandoned. It seems ques- 
tionable Avhether these sulphur compounds or any other anticoagulants, 
saA'e lieparin, need to be considered as causes of hemorrhagic conditions 
encountered clinically. 
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Epitomizing the discussion of the hemorrhagic diseases caused by 
defects in the coagulation mechanism, the folloM-ing outline for their 
classification is offered: 

I. Diminished prothrombin (Prothrombinopenia), 

A. Lack of Autamin K: 

(o) Dietary origin — absence of bacteria in intestines; 
(1) hemorrhagic disease of the newborn, (b) Faulty 
absorption — lack of bile salts; (1) obstructive jaun- 
dice; (2) biliary fistula; (3) sprue. 

B. Liver damage — faulty utilization of vitamin K; 

(a) Post-anesthesia liver damage; (b) chloroform poi- 
soning; (c) acute yellow atrophy. 

C. Toxins; 

(a) Toxic sweet clover disease of cattle. 

11. Changes in concentration of calcium in blood. (No clinical or 

experimental hemorrhagic conditions known which are attribu- 
table to changes of the calcium concentration.) 

III. Deficiency of thromboplastin (Thromboplastinopenia). 

A. Diminished number of platelets: 

(a) Thrombocytopenia (this disease is best classified 
under “defective vascular response” since the vascular 
dysfunction predominates). 

B. Increased resistance of platelets: 

(a) Hemophilia. 

IV. Decreased fibrinogen (Fibrinogenopenia) . 

A. Acquired fibrinogenopenia: 

(a) Nutritional deficiencies; (6)diseases of blood forming 
organs; (c) severe liver damage; ((/) snake bites 
(Black snake of Australia) . 

B. Congenital. 

V. Anticoagulants in the blood. 

A. Liberation of heparin into the blood: 

(n) Peptone shock; (6) anaphylactic shock. 

On the basis of this classification, a satisfactory diagnosis of a hemor- 
rhagic disease can be made. A prolonged coagulation time by the 
Lee White method may be due to diminished prothrombin, thrombo- 
plastin, or the presence in the blood of an anticoagulant such as heparin. 
If the blood ultimately clots, the presence of fibrinogen is established. 
The concentration of prothrombin may be readily determined by one 
of the quantitative methods mentioned.'*'*'®’ The presence of an anti- 
thrombin in the blood may be detected and even quantitatively esti- 
mated by the thrombin titration method.'*’' Hemophilia can be readily 
diagnosed, for the prothrombin will be found normal even though the 
clotting time may be exceedingly delayed. The clotting time of recal- 
cified plasma, as employed by Bancroft, Stanley-Brown and Quick,® is 
particularly useful, especially with the recent modification proposed 
by Quick.*’'* The latter found that the clotting time of recalcified oxal- 
ated normal plasma was not very much influenced by the speed of 
centrifugation employed in obtaining the plasma. With hemophilic 
l)lood, however, the rate of centrifuging the blood so strikingly affected 
the clotting time that he has suggested using the procedure as a new 
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test for hemophilia. A quantitative determination of fibrinogen and 
of serum calcium completes the required investigation to determine a 
defect in the coagulation mechanism. 

If no abnormality of the clotting process can be found, the hemor- 
rhagic disease must be considered from the vascular point of view. 
Three tests are particularly useful: 1, The Duke bleeding time. 2, The 
capillary resistance test of Rumpel-Leede or Hess. 3, The clot retrac- 
tion time. These tests are usually positive only in hemorrhagic diseases, 
such as the purpuras, in most of which the fundamental defect appears 
to be vascular. 

Summary. A clinical classification of the hemorrhagic diseases 
is presented which is based on the coagulation theory of Morawitz. 
A disturbance of the coagulation mechanism can be brought about by 
diminished prothrombin, delayed liberation of thromboplastin, absence 
of fibrinogen, and the presence of antithrombins such as heparin in the 
blood. These defects are responsible for a large number of well known 
hemorrhagic diseases. The approach to the diagnosis of a hemorrhagic 
disease is very briefly indicated. 

Armand J. Quick, Ph.D., M.D. 
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CAEDIOSPASM OR ACHALASIA OF THE ESOPHAGUS. 

The terms cardiospasm and achalasia have been used generally to 
cover the same clinical picture, the differences in point of tdew on etiol- 
ogy accounting for the different names. Since there has been little 
agreement concerning the mechanisms and etiology of the condition, 
one finds a variety of terms, often based upon the etiologic concepts of 
the author, in the literature. These include idiopathic dilatation of the 
esophagus, plnenospasm, esophagectasia, hiatal esophagismus, megalo- 
esophagus, simple ectasia of the esophagus, and preventriculosis. In 
the present review the term cardiospasm will be used for the sake of 
simplicity and uniformity. 

Since this term has been used rather loosely, even to include those 
patients with symptoms but without objective findings,® it may be 
well to make clear exactly what is meant by and included in the sjm- 
drome. Cardiospasm is the term used to include those patients who 
show dilatation and hj'pertrophy of the esophagus, together with a 
cardiac orifice which, at postmortem examination, is of normal size 
and without organic obstruction.^® At postmortem examination the 
orifice permits the passage of a finger with ease, and water introduced 
into the esophagus at that time will run through the unnarrowed orifice. 
In short, the cause of the obstruction is not active after death. In life. 
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diagnosis rests on the ability of the examiner to demonstrate non- 
organic obstruction at the cardiac sphincter. 

First description of this disease has usually been accredited to Pur- 
ton®* in 1821. Recently it has been shown that it was described as 
far back as 1672, when Thomas Willis*^ reported a patient with the 
typical findings. 

Etiology. Many possible explanations have been given for cardio- 
spasm, particularly since the latter part of the 19th century. They fall 
naturally into two groups, those concerned with changes in the esoph- 
agus itself, and those accounting for the difficulty through the influence 
of adjacent organs and tissues. A great many of these are easily dis- 
carded because of striking incompatibilities with the physiologic and 
pathologic findings. For example, the dilatation present suggested 
that paralysis of the esophagus might underlie the changes. However, 
the hypertrophy of the walls, invariably present, surely indicates that 
activity is present, and indeed contractions may be seen mth opaque 
media at roentgenoscopic examination. Lendrum*® found in 13 cases 
no evidence of organic narrowing at the cardia, evidence against Mosh- 
er’s theory of fibrosis of the terminal portion of the esophagus. Kink- 
ing was absent in all early gases with moderate dilatation, speaking 
against any prime importance of kinking as a mechanism of obstruction. 

Extra-esophageal lesions as a cause of cardiospasm were suggested 
some 50 years ago when Handford,'* in 1888, in reporting a patient 
showing cardiospasm together with hypertrophy of the heart and dila- 
tation of the aorta, brought forward the possibility that compression 
between the aorta and the diaphragm was significant. This is obmously 
erroneous, but other theories related to extra-esophageal conditions 
have taken its place. All these will not be repeated here. At one time 
Mosher®®“ suggested from case studies that the passage of the esophagus 
past the surrounding liver tissue — the liver tunnel — might produce 
the clinical picture. Tissue studies have not confirmed this concept*® 
and diseases producing hepatic enlargement do not obstruct the esoph- 
agus. Apparently Mosher has abandoned this theory, for his later 
reports®** suggest still other unconfirmed possibilities; such as fibrosis 
of the edges of the crura, peri-esophageal fibrosis in the crural canal, 
or fibrosis of the esophagus itself. Jackson*®" has postulated that spasm 
of the diaphragmatic crura, or their failure to relax, compresses the 
esophagus, producing obstruction. Hilfi® also suggested a similar 
mechanism. He believed that no actual spasm of the crura occurred, 
hut that incoordination took place in relaxation to let food through. 
Tile observation®® of obstruction both above and below the diaphragm 
appears to rule out the possibility of phrenospasm as a cause of the 
clinical picture. 

Ihe term cardiospasm arose from the concept of von Mikulicz in the 
19th century that the cardiac sphincter was in spasm. Despite diffi- 
culties in the demonstration of a true anatomic sphincter, this view has 
persisted up to the present time. As early as ISSS Einhorn'® suggested 
another possibility concerning the cardiac sphincter. He described 
a patient in whom he could pass the stomach tube without resistance 
and concluded that the cardia probably failed to open reflexly during 
the act of swallowing. Kronecker and Meltzer*®" had shown that nor- 
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mally the cardia easily opens with each act of swallowing. So the 
theory of the failure of the cardia to relax, or achalasia, had its begin- 
nings! Again, in 1896, Rolleston made the same suggestion indepen- 
dently,-^ but it was not until the work of Hurst, 1913, that the theory 
received attention. Hurst introduced the term achalasia. 

Early observations by Hurst-^ indicate that food normallj'^ travels 
down the esophagus, forced forward by a peristaltic wave. On reaching 
the cardia it pauses for a short while and then enters the stomach, 
apparently through active relaxation of the last inch or more of the 
esophagus, which acts as a functional sphincter. This sphincter re- 
ceives a dual nerve supply, through the vagus nerve to Auerbach’s 
plexuses and through the sj^pathetic nerve supply. It has been re- 
ported that no such supply exists,®-'’'^® and that definite responses 
occur.-^''*’^ The latter view appears to be acceptable. 

If one accepts the above innervation of the cardiac sphincter, it has 
been pointed out-^ that four possible conditions suggest themselves as 
affecting the cardiac sphincter abnormally. 1, Overactive vagal influ- 
ences would produce a patulous sphincter and a tonic esophagus. 2, 
Underacti^^ty of the vagus would result in a lack of inhibition, so that, 
although not in spasm, the sphincter would fail to open for a bolus of 
food. Tins condition would be achalasia and no hypertrophy of the 
sphincter would be expected. Hypertrophy is found but rarely, and 
the inclusion of such cases is doubtful, as ^vill be evident from remarks 
under “Diagnosis.” 3, Sympathetic stimulation would cause true spasm 
of the sphincter; and 4, paralysis of the sympathetic fibers would permit 
unopposed vagus activity. 

The authors point out that organic lesions would be responsible for 
the second and fourth conditions, while a nervous reflex would be more 
likely to account for the first and third. They further think it doubtful 
that cardiospasm ever occurs as a purely functional disorder in so-called 
nervous people, for in their experience hysterical dysphagia is due to a 
disturbance of a neuromuscular control of the voluntary part of the 
act of deglutition involving the upper esophagus and not the cardiac 
sphincter. Intermittency and not permanency of change would be 
expected with sympathetic stimulation. 

Results of nerve section in animals have tended to confirm the above 
views. As far back as 1839^“ it was known that vagal section in rabbits 
caused stasis of food in the esophagus. Ivronecker and Meltzer^*'*' and 
others have shown similar results. More recently Knight-®“ has inves- 
tigated the subject. He found that the type of response obtained from 
electrical stimulation of the extrinsic nerves to the thoracic esophagus 
appeared to depend on the nature of the muscle content. Results 
obtained from the lower portions of the esophagus showed the presence 
of an intrinsic sphincter mechanism with relaxation on vagal stimulation 
and contraction on sympathetic stimulation. Excision studies on 
nerves confirmed these findings and bilateral division of the vagi re- 
sulted in the clinical symptoms and Roentgen ray appearances of achala- 
sia, the effect being permanent and increasing in severity as time went 
on. Subsequent sympathetic denervation of the cardia resulted in a 
complete cessation of symptoms and Roentgen ray e\ndence that food 
then entered tlie stomach. It was thus shown that the esophagus gets 
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a sympathetic innervation, and that there is a true cardiac sphincter. 
Section of these nerves confirmed Hurst’s opinions on the human. 
Ferguson^'* obtained similar results on monkeys following vagotomy, 
with achalasia of the cardia. 

From such studies, lesions of the vagus might be expected in patients. 
Patients are on record with vagal lesions*^ but in Lendrum’s series 10 
of 13 cases with adequate sections showed entirely normal vagus nerves. 
In 1924 Hurst suggested lesions of Auerbach’s plexus and subsequently 
Rake^*’ demonstrated such changes, Avith enlargement of the ganglia, 
cellular infiltration and later fibrosis, with scar formation and replace- 
ment and disappearance of the ganglion cells. All 11 cases up to the 
report of 1930-^ showed these changes. SomC*"®'®^ have confirmed these 
findings while others'®“ have not. Lesions, of course, may be elsewhere 
in the vagus. Lendrum found in every one of his patients a striking 
or complete absence of ganglion cells in the plexus and demonstrated 
that the loss was equally great in the undistended portion of the lower 
esophagus, a factor against these changes being merely secondary to 
pressure. 

Several causes, such as spread of inflammation from the esophageal 
lumen, sji^philis, infective ganglionitis, primary vascular disease, con- 
genital abiotrophy, and others have been suggested-^ but none has been 
accepted and the cause remains unknown. Furthermore, other bilateral 
lesions of the vagus, as already stated, could give rise to the same 
clinical picture. The disease has not escaped attempts to relate it to 
^^tamin deficiency, for Etzeh* has demonstrated destruction of the 
ganglia in vitamin Bi deficiency. One would suspect, however, that 
vitamin Bi deficiency would more likely be secondary than primary. 

There is, therefore, considerable evidence to substantiate Hurst’s 
views that a failure of the sphincter to relax is the cause of the esopha- 
geal retention. Reports on work with the weighted mercury bougie 
support this contention. Hurst found that such a tube may be dropped 
into the stomach tlrrough the esophagus in a patient vnth this clinical 
picture without resistance. If obstruction were due to spasm, resist- 
ance would be anticipated. At times he has found a tight gripping of 
the tube both on introduction and withdrawal, indicating actual spasm. 
This spasm has disappeared, however, with treatment of the esophagitis 
and has been ascribed to it. 

The ease of inserting an instrument into the stomach with little 
evidence of spasm has been confirmed by some'*^'^’ and denied by others. 
IValtoid” states that a bougie passes the opening with great difficulty 
and is gripped firmly so that considerable force is required to withdraw 
it. There is, however, no hypertrophy of the sphincter as one might 
expect with spasm. The fact tluit two such authorities as Hurst and 
AValton disagree on such an important and apparently easily demon- 
strable point leaves one at a loss whether to accept the concept of spasm 
or of achalasia. Knight-®'^ suggests that there may be two t^q)es of dis- 
ease, one due to spasm, the other to achalasia. The Reviewer feels, 
ho\vever, that although this may be true it is quite strange that only 
patients with achalasia should seek out Hurst, and only those with 
spasm, Walton. 



136 


PROGRESS OF MEDICAL SCIENCE 


Pathology. Studies on the pathology of cardiospasm are few, due 
to the fact that the condition is uncommon and the treatment is effec- 
tive. No attempt will be made to cover extensively the pathologic 
features. Early in the disease peristalsis presumably overcomes the 
resistance of the sphincter and prevents the development of symptoms.-^ 
When hypertrophy of the esophageal wall becomes inadequate to over- 
come this resistance, dilatation, accentuated by vagal paralysis, results. 
Peristaltic waves then would be ineffective, for they would not close the 
esophageal lumen to move the contents along. They would, however, 
cause further hypertrophy of the muscle. Food would accumulate 
in the esophagus until the column of food were sufficiently heavy to 
open the sphincter bj' gravity. Hurst’s studies indicate that a column 
of food approximately 8 inches high is necessary. He states that when 
food is taken, nothing passes into the stomach at this stage until the 
contents of the esophagus are about 8 inches high, and then with further 
ingestion of food or fluid, the esophageal contents pass into the stomach 
until the food column is again 8 inches high, when the sphincter closes. 

The marked dilatation of the esophagus has been described"® as 
taking on three general forms — fusiform, which is the most common, 
flask-shaped, and sigmoid-shaped — the last probably being the terminal 
stage due to lengthening as well as dilatation of the esophagus. It is 
the rarest type. Dilatation becomes more marked than in any of the 
organic obstructions, due, at least in part, the adherents to the vagal 
paralysis theory believe, to reduced vagal tone. Hypertrophy has 
already been mentioned. Esophagitis is usual in the advanced stages 
of the disease when stagnation of food is constantly present. It, and 
ulceration, are considered secondary phenomena. Diverticula may 
form, and malignant degeneration sometimes occurs.®^ Hurst has 
found an associated hypertrophy of the salivary glands, especially 
the submaxillary, and this finding may be observed clinically. At 
postmortem the glands are normal except for their size, which probably 
results from overactivity. 

Hypertrophy and dilatation end approximately an inch above the 
cardiac end of the esophagus. This terminal portion, the sphincter, is 
normal in size. 

Other changes, such as those in Auerbach’s plexus, have already been 
noted under “Etiology.” 

Clinical Picture. The disease may be well established before any 
symptoms develop. This has already been discussed, and is due, no 
doubt, to the ability of the esophageal musculature to overcome the 
obstruction. When hypertrophy fails to clear the esophagus, food 
accumulates and symptoms develop. At any rate, patients who have 
had very minimal dyspepsia®® have come to autopsy with enormous 
thickening and dilatation of the esophagus in old age. Symptoms are 
not necessarily delayed, however, for the disease has been described in 
children in the first few days of life.- 

The age of onset of .symptoms* varies widely, from infancy to extreme 
old age, but the disease is one usually of young adults. The average 
age has been reported as from 30 to over 50 years. In Walton’s group, 
the average age when first seen was .52-2 years. IMacMillan®'’ found the 
greatest incidence between 30 and 40. Lambert®® gives the average 
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age as 40. Both males and females have been reported as being more 
frequently afflicted.^® The disease is known to have lasted over 40 
years. 

The typical findings of cardiospasm need not be recapitulated here. 
There are three common important symptoms — difficulty in swallowing, 
regurgitation of food, and pain. Food seems to stop before entering 
the stomach. It seems to stick beneath the lower sternum. At first the 
dysphagia may occur only under emotional stress or with rapid eating, 
and may then be intermittent with periods of relief for day or weeks. 
Cold liquids are described as giving as much difficulty as solid foods. 
Warm liquids are swallowed more easily, but at times there are excep- 
tions to tlfis rule.^® Solid foods sometimes are swallowed more easily 
than liquids.'*® 

Difficulty in swallowing may not be very obvious. It may be accom- 
panied by substernal pain which may be mild or extremely severe. If 
marked, as it is in about 25 % of the patients, it may overshadow diffi- 
culty in swallowing and lead to erroneous diagnoses, such as gall- 
bladder colic. 

Pain of anginal type has been known to accompany cardiospasm. 
Verbrycke^® reported 23 patients with some degree of aortitis, aneurysm, 
or angina, but a common etiology has not been brought to light. At- 
tacks of pain on swallowing in patients with e^^dence of coronary dis- 
ease and spasm of the cardia have been very similar to those of the 
angina of effort.® Dyspnea and attacks of suffocation are not unusual 
in the advanced stages. 

At first regurgitation may be absent. Later the patient may regurgi- 
tate even before leaving the table. There is no nausea and the material 
raised ig alkaline in reaction, and contains undigested food and mucus. 
Tliis is not voniitus in the true sense for it does not come from the stom- 
ach. Eventually, as Walton points out,"*® regurgitation maj'’ occur 
spontaneously, or may be induced by taking a deep breath, by volun- 
tary retching, or by tickling the fauces. It may then occur at varying 
periods following the meal, even during sleep, and may stain the 
patient’s pillow or awaken him by regurgitation into the nose. Such 
a series of events has led to aspiration of food into the trachea and to the 
development of lung abscess.''* 

After the cardiospasm is well established, distress following meals, 
especially Avith fulness and discomfort, is common, and the patient 
may learn to regurgitate Avlien the distress bothers him. Wasting may 
be extreme. The history may, therefore, simulate that of carcinoma 
of the stomach. Loss of AA'eight is usually present and often reaches a 
certain level at AA'hich it remains constant.** Thus, symptoms may be 
atypical, and, in the absence of dysphagia in the history,®®*' the esophagus 
may not be suspected as the site of the lesion. Patients may liaA'e the 
impression of swallowing all right and still complain of vomiting. 

The mode of onset of the clinical picture A'aries. Symptoms cer- 
tainly do not ahways occur in the first stages of the disease, hlild at 
first, they may gradually dcA'elop and suddenly giA'e A\'ay to acute 
difficulty AA’ith solid foods. This has been ascribed to sudden decom- 
pensation of the esophageal musculature. Sudden onset of •Symptoms 
is unusual, but does occur.*® Freeman'®*' says the onset is usually 
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sudden, but most observers describe a gradual development of distress, 
at first with coarse foods, and later with more refined articles of diet. 
Acute flare-up of symptoms may be related by patients to emotional 
causes, financial worries, and the like,-^^ and a psychogenic theory has 
been developed.^- 

Cardiospasm has been described in association with a number of 
diseases. Heart disease has already been mentioned. Others are 
bronchiectasis, asthma, peptic ulcer, and diverticula. Bronchiectasis, 
pneumonia, and lung abscess may result from overflow from the esoph- 
agus during sleep,'*^ although cardiospasm is not generally recognized 
as a cause of lung abscess. Sampson believes that in cases of unex- 
plained pulmonary suppuration the esophagus should be studied 
routinely, in spite of the absence of symptoms referable to it. 

Diagnosis. As a rule, cardiospasm gives little trouble in diagnosis. 
The elinical picture is usually characteristic and leads to confirmation 
bj' Roentgen ray studies, which, as a rule, suffice to clarify the prob- 
lem. The appearance of the lower portion of the barium-filled esopha- 
gus, with a smooth tapering occlusion, is characteristic, and contrasts 
with the irregular appearance produced by careinoma. Most clinicians 
feel that the recognition of the usual Roentgen ray findings is sufficient. 
However, Jackson-^*’ l:)elieves that esophagoscopy is essential to confirm 
the Roentgen picture, for he has found carcinoma in patients reported 
by Roentgen ray examination as having cardiospasm. Freeman^®'’ 
takes the usual point of view that, as a rule, Roentgen ray studies are 
adequate, but he believes there is a small group in which esophagos- 
copy is necessary. 

Spasm of the cardia has been ascribed refle.xly to carcinoma and 
ulcer of the stomach. It is also known that congenital pyloric stenosis 
may be accompanied by hypertrophy and dilatation extending above 
into the esophagus." It is evident that, in the diagnosis of cardiospasm, 
disease below the cardiac sphincter must be ruled out. 

Hysteria must be differentiated in young women. It tends to dis- 
appear as years go on. Cardiospasm does not.’’® The characteristic 
Roentgen ray picture is absent in hysteria. Other causes of dysphagia 
must also be considered. Walton states that he has seen esophageal 
dilatation comparable to that of cardiospasm in obstruction due to 
mediastinal tumor, but the obstruction was not at the diaphragmatic 
level. This degree of dilatation in organic obstruction is contrary to 
usual statements. 

One condition which closely simulates cardiospasm is muscular 
hypertrophy of the cardiac sphincter, comparable to the pylorus in 
congenital hypertrophic pyloric stenosis. This disease is very rare, and 
the Roentgen features and symptoms may simulate closely those of 
cardiospasm. Obstruction persists after death.-^'^ 

In general, the differential diagnosis includes carcinoma and stricture 
of the cardia, congenital narrowing of the lower end of the esophagus, 
congenital hypertrophy of the cardia, para-esophageal hernia, esopha- 
geal diverticulum, angina pectoris, and the other disease states already 
enumerated. 

Treatment. Drugs have been of no use. The most successful meas- 
ure has been some form of dilatation of the cardiac end of the esophagus. 
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Since an ordinary bougie may be deflected from the cardiac orifice with 
danger of perforation, special procedures and bougies have been devised 
and have become standard forms of treatment. These include Hurst’s 
mercury-weighted tube, hydrostatic dilators, use of the esophagoscope 
and a bougie, and digital dilatation through an opening in the stomach. 
All aim at an overdistention of the cardia to relieve the obstruction 
through injury to the circular muscle. Most popular are the methods 
of Hurst-' and of Plummer the latter at times being modified to 
use air in place of Avater.'®® 

Details need not be given here.' Plummer’s method consists of the 
passage of a hydrostatic bag over a silk thread Avhich has been slowly 
swallowed into the intestine until it may be held taut to guide the bag 
into the cardiac orifice. Then, hydrostatic dilatation of the silk covered 
bag is carried out. Until January, 1932, SIO patients with cardiospasm 
were observed at the Mayo Clinic.®' Of these, 804 were dilated, and of 
670 traced, 475 Avere considered cured, 105 moderately relieA'ed, and 
32 slightly relieved. Nine died of splitting of the esophagus. Thus, 
71 % of those receiAung dilatation receiA^ed complete relief. In most 
instances only one dilatation Avas required, but as high as 10 Avere giA’^en 
to some patients. This method has giA'en good results in the hands of 
others as Avell,®'’" and at times symptoms have been relieA’^ed Avithout 
any appreciable change in the Roentgen appearance of the cardiac 
orifice. 

Hurst’s method utilizes a mercury AA'eighted bougie. It is a flexible 
rubber tube filled A\'ith mercury to a sufficient Aveight to find its Avay 
through the cardiac orifice. It is first passed under fluoroscopic control 
in increasingly larger diameters (28 to 34 gauge) and, in Hurst’s experi- 
ence, has found little resistance. Patients then pass the largest tube 
themsehres before meals, and leaA'e it in place for 5 minutes. As symp- 
toms Avarrant, the time and frequency of passage is reduced until it is 
passed in the morning only, then on alternate days, and finally once a 
AA'eek until discontinued altogether. Treatment is also directed tOAA'ard 
the esophagitis. The patient is instructed to eat sloAA'ly, cheAV thor- 
oughly, eat 4 meals a day, omit irritants from the diet, and to finish 
the meal AAuth AA’ater or milk to A\'ash the food into the stomach. The 
esophagus is emptied either A^oluntarily or by laA-age after meals until 
the cAudences of esophagitis ha\'^e disappeared. All lun^e not obtained 
the good results reported by Hurst,'"' and some liaA^e found in certain 
cases difficulty in passing the sphincter.®®'" 

Artificial hyperpjTexia®® and local diathermj'® have been adA'oeated. 
Generally, dilatation giA’es good results, but in certain instances fails. 
In these patients operatiA'e procedures haA^e been used. These include 
plastic repair of the esophagus or stomach, and short circuiting pro- 
cedures. One of the first operations Avas that of IMikulicz, Avhich con- 
sisted of opening the stomach and dilatation of the cardia from below. 
iMost procedures, lioAveA’er, are directed to eliminate the obstruetion of 
the cardia. Their A’ariety reflects in part the number of concepts of the 
cause of this condition. Gastrostomy alone is only palliatiA’e. Other 
procedures include an operation analogous to the Rammstedt procedure 
for pyloric stenosis. Other types of cardioplasty are designed to destroy 
the circular muscle and leaA'e a large permanent opening. Invagination 
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of the esophagus, division of the vagi, and anastomoses between the 
esophagus and stomach have been tried. Certain degrees of success 
have been ascribed to practically all of these procedures.^'-'® 

Di\dsion of the vagi has aggravated the symptoms. 

From the Avork of Knight^”-'* one might expect that sympathetic 
denervation would be beneficial, and this has been true in some 
hands.' Craig and his associates first injected the ganglia with 
procaine and obtained relief before they attempted the operation. 
DeBakey® has carried out the same procedure with striking relief of 
symptoms and Roentgen ray evidence of passage of food without 
difficulty into the stomach. However, at short periods following actual 
section of the nerves, sj'^mptoms and signs of obstruction at the cardia 
returned. 

William A. Sodeman, M.D. 
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UNDER THE CHARGE OF 

ALVIN E. SIEGEL, M.D. 

litACON, GEORGIA 


THE USE OF SULPHANILAMIDE AND SULPHAPYRIDINE 

IN CHILDREN. 

The first drug of this group that was used as a therapeutic agent 
was prontosil. Domagk, who has been awarded the 1939 Nobel prize 
for this work, in 1935, observed the protective action of prontosil, a 
synthetic azo dye, on artificially produced streptococcic infection in 
mice. Similar results were also noted with a related compound which 
had the additional advantage of being more soluble. This became 
known as “prontosil soluble.” Favorable observations were made on 
the action of these drugs in man, and they became the object of inten- 
sive study and research in Germany, France, England and the United 
States. The early interest in the drug was centered on its action 
against streptococcic infection. This organism has such great morbid- 
ity and mortality rates that an agent Avhich would combat successfully 
the various manifestations of streptococcic infection is of the greatest 
importance. As soon as the drug was available commercially its use 
became widespread and often injudicious, so that along with reports 
of great benefit there began to appear mention of untoward and harmful 
results in its use. The early reports of its usefulness in streptococcic 
infection have, however, been justified and its use has spread to the 
treatment of other forms of infection. 

According to Jolmson,^ some very interesting facts were brought 
out concerning the mode of action of these compounds. In the test 
tube or in contact with culture media containing viable organisms of 
known potency, the drug showed no bactericidal and only mild bacterio- 
static activity. On the other hand, in the animal body the same 
organisms soon disappeared from the body fluids after administration 
of the drug. It was suggested that the curative action of the drug was 
due to a stimulation of the natural defenses of the body to such an 
extent that they Avere able to overcome the infection. Later it was 
shown that prontosil Avas reduced in the body with the formation of a 
compound AA’hich is knoAA’n chemically as para-aminobenzenesulphona- 
mide. This compound A\'as giA'en the non -proprietary name of sulphan- 
ilamide. It shoAA'ed, but to a lesser degree than prontosil, the peculiar 
discrepancy betAA'een its in vivo and its in vitro effects. 

The first applications of prontosil and of sulphanilamide were in the 
treatment of beta hemolytic streptococcal infections. ICnoAA’ledge of 
its striking effect was especially impressed upon the public mind by 
the ncAA spaper and radio stories of the beneficial effects of the drug in 
the scA'ere streptococcic throat infection that threatened the life of a 
son of the President of the United States. Soon it was being used 
AA’idely for streptococcic sore throat and other forms of streptococcic 
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infection. Hoyne and Bailey- gave an unfavorable report of its use 
in the treatment of streptococcic carriers. They found that, on the 
basis of the results observed by them, whatever value it may have in 
the treatment of acute streptococcic infections, it was not effective in 
the eradication of hemolytic streptococci from the noses and throats of 
scarlet fever patients at the end of a 4-week quarantine period. 

Hickey’® stated that in no branch of medicine had the effect of this 
new form of therapy been more effective than that in otolarjmgology. 
This included such diseases as pharyngitis, nasopharjmgitis, tonsillitis, 
peritonsillar abscess, cervical adenitis, otitis media, mastoiditis, otitic 
sepsis, streptococcic meningitis, ethmoiditis, orbital abscess and erysip- 
elas. McLaurin®® stated tliat the otolarjmgologist would find that he 
could use sulphanilamide to advantage in treating patients suffering 
with the following conditions: 1, Pharjmgitis, especially of the ulcera- 
tive streptococcal type; 2, sinusitis with purulent or seropurulent dis- 
charge; 3, rhinitis associated wnth a pharyngitis or sinusitis; 4, otitis 
media complicating a nasopharyngitis;- 5, mastoiditis and cellulitis 
about mastoid wounds, especially when due to beta hemolytic strepto- 
cocci; 6, purulent conjunctivitis associated with upper respiratory 
infections; 7, laryngitis or tracheobronchitis associated with an active 
phar jmgitis ; S, Ludwig’s angina; 9, furunculosis of the outer ear canal; 
10, acute cellulitis with or vdthout furuncle formation of the upper lip, 
columella, wings of the nose or floor of the nose, and 11, cavernous 
sinus thrombosis. Complications such as pneumonia of certain types 
and meningitis of otogenic origin or the result of sinus infections, 
formerly almost uniformly fatal, also responded to the use of the drug. 
He pointed out also the very important observation that children 
suffering from the acute infections enumerated seem to respond even 
more promptly to sulphanilamide than do adults, and they do not seem 
to be so definitely disturbed by the toxic effects of the drug. 

Maybaum, Snyder and Coleman®® were opposed to the indiscriminate 
administration of sulphanilamide for infections of the upper respiratory 
tract, many of which run a self-limited course. They claimed tliat 
the free use of the drug, aside from the dangers of toxicity, frequently 
obscures the clinical picture and often gave rise to a latent course of 
the disease. They felt that it was inadvisable to give the drug during 
the period of observation of a patient for a suspected mastoiditis, sinus 
thrombosis, petrositis and similar conditions because of the risk of 
masking the clinical picture and thus interfering with the diagnosis 
and surgical indications. In the same way Converse” remarked that 
the e.xtraordinary success of sulphanilamide in the treatment of strepto- 
coccic otogenic meningitis had led to the widespread use of the drug in 
all cases of otitic infection in which the beta hemolytic streptococcus 
could be identified. ^Yhile such enthusiasm for specific chemotherapy 
could be understood, he felt that the practice was open to criticism. 
He pointed out that the patient with meningitis was under hospital 
observation, and that treatment was continued until the spinal fluid 
had returned to normal. On the other hand, the patient with acute 
otitis media or mastoiditis received sulphanilamide only as long as 
there was persistent pain or discharge, and treatment was usually 
stopped on clinical instead of on laboratory evidence. Inadequate 
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sulphanilamide therapy has been followed by recurrence of otitic infec- 
tions with beta hemolytic streptococci. The absence of the organisms 
should be proved by laboratory observations. The use of sulphanila- 
mide in streptococcic ear diseases should be reserved for the treatment 
of infections that threaten life and it should not be used for the treat- 
ment of infections of minor severity. Inadequate treatment will result 
in recurrences and further spread of the infection. Hospitalization of 
patients receiving the drug is required not only because of the necessity 
of close laboratory observation, but because the amount of sulphanila- 
mide required usually is so large that the danger of toxic manifestations 
demand close clinical observation. Woodward^® agreed with the gen- 
eral opinion that sulphanilamide is particularly valuable in hemolytic 
streptococcic jind certain types of pneumococcic infection. Since the 
majority of acute ear infections are due to these organisms, its routine 
use does affect the incidence of acute otitis media, the percentage ratio 
of operations to otitis media, the complications and results of treatment 
of acute ear infection. 

Streptococcic meningitis is closely related to streptococcic otitis 
disease, and in fact it is often a consequence of the latter. Retan^^ 
observed that the advent of sulphanilamide had revolutionized the 
treatment of meningitis caused by Streptococcus hcmolyticus beta. 
Formerly the disease had a mortality rate of 97 % but under the use 
of this drug it had been reduced to 20%. Toomey and Kimbalh* felt 
that sulphanilamide was the therapy of choice in treating patients with 
beta hemolytic streptococcus meningitis, but they emphasized the 
importance of draining any localized area of infection by proper surgical 
procedures. They did not find it necessary to adopt the method of 
forcing fluids to produce increased perivascular spinal drainage in treat- 
ing their patients. This is a hospital procedure and not easy to carry 
out in private practice. It was possible to secure a good concentration 
of the drug in the spinal fluid by simple ingestion. They first admin- 
ister a massive initial dose of the drug followed at once by frequent 
maintaining doses. Along with this any focus of infection is removed 
surgically as soon as possible. They leave the hydrostatics of the 
spinal fluid alone unless the pressure is extremely high. As a result 
of this regime they found that, although sulphanilamide may prolong 
the life of a patient ill with a streptococcic meningitis, it would not 
give a complete cure if there was an untreated focus of infection. It 
will often immobilize the infection while the focus of infection is being 
localized. 

Tixier^^ ernployed sulphanilamide with good success in the treatment 
of cerebrospinal meningitis of various origins. He found that the oral 
route of administration was the best under most conditions. The 
intraspinal administration may be necessary in extremely severe cases. 
He :dso used the drug as a preventive in epidemics of cerebrospinal 
meningitis by giving the drug to persons exposed to the infection. 

According to I3ucy^ through an error in diagnosis a right cerebellar 
abscess was exposed with a bilateral suhoccipital craniectomy. The 
contents of the aiiscess were aspirated and the surface of the cerebellum 
was contaminated with pus swarming with hemolytic streptococci, thus 
exposing the ventricular system and the subarachnoid space to this 
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infection. The abscess was not drained but the administration of 
sulphanilamide was begun at once. The patient improved steadily 
with almost no febrile reaction. At no time were there any signs of 
meningitis or of refilling of the abscess. This case suggested that all 
brain abscesses should be treated by trephining over the abscess, aspi- 
rating the pus and administering sulphanilamide. This conservative 
treatment might be all that was required, but if it did not clear the 
condition, radical treatment by drainage of the abscess could easily be 
done. 

Another organism that has responded well to treatment with sulphan- 
ilamide is the gonococcus. Adler* used sulphanilamide in the treatment 
of 22 cases of gonorrheal vaginitis, 5 cases of gonorrheal uretlu-itis in 
boys and 9 cases of gonorrheal coniunctivitis. In the latter, it was 
shown that the results are better with sulphanilamide than v4th any 
other form of treatment. In the boys’ urethritis, 4 of the 5 cases gave 
prompt and definite response to the sulplianilamide therapy with cessa- 
tion of discharge and with negative smears after an average of 2 days 
of treatment. 

In an outbreak of gonorrheal ophthalmia in a home for infants and 
very young children, Newman^^ found that while improvement followed 
the use of local germicidal agents such as argyrol there was a marked 
tendency to relapse and the appearance of new cases in the contacts. 
Prompt improvement followed the initiation of sulphanilamide therapy 
with permanent disappearance of discharge and negative smears in 

4 or 5 days. 

Hoberg and Reck** studied the effect of sulphanilamide treatment of 
gonorrheal infections in 50 children. In their opinion sulphanilamide 
is justified in the treatment of gonorrheal infections in children. One 
advantage is its ease of administration without the psychic trauma that 
often results vith irrigation treatments. In contradistinction to this, 
Holmes, .Tones and Gildersleeve** reported that in 42 patients with 
gonorrheal ■vmlvovaginitis treated with sulphanilamide by oral adminis- 
tration, 16 were relieved to the point of being able to return to school, 
having satisfied the Board of Health requirements of having three 
consecutive negative smears without vaginal discharge. Of these 16, 

5 had recurrences of either positive smear or discharge in from 2 to 

6 weeks. The failures did not seem to be due to inadequate dosage as 
the cases with high sulphanilamide blood serum concentrations showed 
as frequent failures as those with low levels of sulphanilamide. These 
discrepancies of results are difficult to explain. However, it may be 
that the important factor in permanent cure is not so much the high 
concentration of sulphanilamide in the blood at the beginning of treat- 
ment as it is the maintenance of an adequate dose for a period of time 
to insure complete eradication of the infection. 

The use of sulphanilamide has become very popular in the treatment 
of urinary infections. One of the early advocates of this use of the 
drug was Helmholz.*'*® In discussing the applicability of the various 
urinary antiseptics he stressed the necessity of the treatment being 
useful to any patient in any stage of the disease. He pointed out that 
methenamine in subacute and chronic infections of individuals whose 
urinary passages are normal is a very satisfactory drug, but that it 
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is of little use for patients who have acute infeetions, urinary stasis, 
or redueed renal function. This also applies to the ketogenic diet and 
mandelic acid, each of which is dependent for its action on a certain 
degree of acidity of the urine. With these latter two methods, it is 
necessary to control both the acidity and the concentration of the 
bactericidal substance. The use of sulphanilamide is much more 
simple. It can be given in the acute stage of the disease in addition 
to the usual forced intake of fluids and urinary alkalinization. Although 
it acts best in an alkaline urine it acts also in acid urine and can be 
used in any phase of the disease. It gives very excellent results by oral 
administration but where the necessity arises it can be administered 
in the intravenous form. 

In another contribution, Helmholz*'**’ emphasized that the diagnosis 
of urinary infection must include the type of infection, the state of 
urinary drainage and renal function as well as the presence of foci of 
infection in the urinary tract. Sulphanilamide has given the best 
results in the gi'eatest number of conditions. In infections with 
Strep, fxcalis, sulphanilamide has not proved successful and in this 
condition mandelic acid gives better results when the necessary acidity 
and concentration of the drug can be obtained. 

Summerfeldt and Mitchell'”’ studied 40 cases of urinary tract infection 
in children under treatment with sulphanilamide. Only 1 child mani- 
fested an intolerance. This patient had a cyanosis after the smallest 
doses of the drug. Although it has been customary to restrict the 
amount of fluids in administering sulphanilamide in adults for the 
purpose of securing better concentration of the drug, fluid restriction 
in children is not advocated because of the ease with which dehydration 
and acidosis develop especially in infants. For this reason the dosage 
of sulphanilamide in children has to be relatively higher than the doses 
given adults. In their series the authors found that urinary infections 
responded well to sulphanilamide therapy. B. coli infections respond 
readily to this treatment but Strep, jsecalis infection is more resistant 
to this therapy. 

Some success resulted from the treatment of pneumonia and pneumo- 
coccic infections with sulphanilamide. The results of treating this type 
of infection vdth the sulphanilamide derivative, sulphapjTidine, have 
been so much more dramatic and successful that little space will be 
devoted to references of the use of sulphanilamide in pneumococcic 
infection. However, the results of any form of treatment in pneu- 
mococcic infection of the meninges have been so uniformly unsuccessful 
that record must be made of the fact that first wth sulphanilamide 
some success against this type of infection was made. Hewell and 
Mitchell'? reviewed the literature and found that 30 cases had been 
reported of recovery from pneumococcic meningitis. The treatment of 
these was in part the use of sulphanilamide or related compounds. 
They felt that it was reasonable to conclude that the sulphanilamide 
compounds were responsible for tliese recoveries in most inst.ances, 
since the mortality was so high with other forms of treatment. Of the 
patients who received sulphanilamide and recovered, only 1 showed 
pneumococci in the blood culture. Negative blood cultures were 
reported in IG patients and in 13 there were no blood cultures reported. 
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Of the S patients who received sulphanilamide and died, the blood 
cultures were positive for 7. This indicated that even with the use of 
sulphanilamide a blood stream infection with pneumococci is a factor 
in mortality and with such cases massive doses of sulphanilamide should 
be tried. 

With such remarkable results following its use in a number of types of 
infection, it was only natural that the compound would be tried in many 
others, especially in those in which our treatment had been unsatis- 
factory. Experimental work by Kelson"'* on poliomyelitis in monkeys 
showed that there was no favorable reaction to the use of sulphanila- 
mide in this disease. Hill and Goodwin*'* found that prontosil was 
effective in treating persons infected with Plasmodium tivax and with 
Plasmodium falcipannn. This was especiallj’^ true when the patients 
had had previous attacks. They remarked that the drug was more 
useful in the treatment of chronic and malignant infections and was 
not so useful in the treatment of benign and initial infections. 

Of the 58 patients with rheumatic fever or chorea given sulphanila- 
mide by Massed and Jones,^- 31 (53%) showed toxic reactions. The 
chief manifestations were rash and fever. The rash was pink or red 
and usually maculopapular. It occurred on all parts of the body. 
There was slight, if any, itching associated with it. OccasionaUj’’ the 
rectal temperature rose as high as 103° F. Fever frequently occurred 
unassociated with rash and then was usually higher than fever ivliich 
accompanied rash. The toxic reactions occurred most frequently 
between the seventh and twelfth days after beginning the use of the 
drug. In 9 patients with toxic symptoms the repeated administration 
of the drug resulted in the development of a tolerance. Patients ill 
with rheumatic fever were particularly prone to the development of 
severe febrile reactions. This fact, together with the lack of any 
observed beneficial results, contraindicates the administration of sulph- 
anilamide in the presence of acute rheumatic fever. The drug was 
given to 7 patients with slight to moderate chorea. In this condition 
there was no demonstrable improvement. 

Anderson^ treated 63 measles patients with sulphanilamide. At the 
same time a control group was under observation. It was found that 
the drug showed little effect in shortening the febrile period after 
admission to the hospital, but there was a slight reduction in the mean 
duration in the sulphanilamide-treated cases. The results did not 
suggest that this compound was of anj-- great value in hastening the 
cure of the major complications of measles, but the duration of broncho- 
pneumonia was materially shortened' in the cases that had received 
sulphanilamide. Hogarth-” found tliat routine administration of sul- 
phanilamide by a fixed procedure of dosage gave a lower incidence of 
complications than those who did not receive such treatment. The 
results were not equally good with all complications, the incidence of 
enteritis being entirely unaffected bj' the drug. In regards to other 
complications, it would seem that there is some prophylactic value as 
the incidence of bronchopneumonia, otitis media and cervical adenitis 
was less than in the controls. The evidence showed that sulphanila- 
mide was of value in reducing the incidence of complications due wholly 
or in part to secondary invasion by hemolytic streptococci, and the 
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liest results were observed in pure streptococcic complications such as 
otitis media. 

Wesselhoeft and Smith'*^ found that sulphanilamide therapy in the 
eruptive stage of scarlet fever in the accepted dosage did not reduce 
the toxicity as manifested by intensity of the eruption nor the duration 
of the fever. The drug, given during the initial stage of the disease, 
did not reduce the incidence of complications. In cases in which the 
drug was continued longer the incidence was markedly decreased. It 
was not helpful in the complications involving the respiratory tract, 
but it was useful in certain infections of the mastoid cells. Infections 
of the blood stream and meningitis were found to be definite indications 
for the use of sulphanilamide. The carrier rate was not reduced by the 
use of the compound. 

Stewart, Rourke and Allen^® made a study on the excretion of sulph- 
anilamide. They found that in man it was exereted almost entirely 
by the kidneys in either the free or in the conjugated form. The con- 
centration of free and conjugated sulphanilamide in the blood resulting 
from a given per pound dosage was quite variable in different individ- 
uals; therefore it is important to have frequent determinations of blood 
level during intensive therapy with the drug. After sulphanilamide 
has been stopped the drug is rapidly eliminated from the body if renal 
function is normal and urine volume is adequate. It was found that 
the concentration of conjugated sulphanilamide in the blood was much 
lower than that of free sulphanilamide, but the rate of clearance of 
conjugated sulphanilamide was greater than that of free sulphanila- 
mide. Because the precipitation of excreted sulphanilamide in urine 
at room temperature has been demonstrated, the possibility of stone 
formation in the urinary tract is emphasized if the urine volume should 
become too small during sulphanilamide therapy. 

Stewart and Pratt^^ studied the effects of the drug on breast-fed 
babies as well as the excretion of the drug through the mothers’ milk. 
Free sulphanilamide is excreted in human milk in concentrations 
closely corresponding to the values present in the blood stream. The 
concentration falls rapidly in the milk when oral administration is 
discontinued. It was found that breast-fed babies of full-time nursing 
mothers did show clinical evidence of toxic manifestations when the 
sulphanilamide was present in the breast milk in concentrations of 
7 mg. per 100 cc. Traces of the drug were found in the blood of the 
baby and the urines of these babies contained amounts varying from 
1 to 2.6 mg. per 100 cc. during a 24-hour period. However, a nursing 
baby cannot obtain an adequate therapeutic dose through the milk of 
a mother receiving an average clinical dose. Sulphanilamide has been 
found in the cord blood and in the amniotic fluid of women following 
the oral administration of 5 gr. of the drug ever5' 4 hours throughout 
labor. 

Following the widespread use of sulphanilamide many reports ap- 
peared giving toxic and untoward effects of the drug. Bigler and 
^Verner' stated that cyanosis occurring during sulphanilamide admin- 
istration has been reported frequently. It does not seem to depend 
on the age of the patient, the daily dosage or the length of time the 
drug is administered. The cyanosis usually disappears soon after the 
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withdrawal of the sulphanilamide, but it may not completely disappear 
for several days. It is questionable as to whether this manifestation 
is of any serious import. Changes in the blood picture are also seen 
after sulphanilamide administration. An example of this is the case 
of granulocjdopenia reported by Alpert and Forbes.- The dosage in 
this case was comparatively small. Despite that a leukopenia with 
100% lymphocytes developed, there was no complicating stomatitis 
and the patient recovered. Because the administration of nicotinic 
acid to patients suffering from pellagra or radiation sickness will 
ameliorate the symptoms and decrease or eliminate the excretion of 
abnormal porphyrin, McGinty, Lewis and Holtzclaw^® studied the 
effects of this treatment on patients receiving sulphanilamide. The 
response of the patients to the additional administration of nicotinic 
acid was most gratifying. The unpleasant symptoms and the por- 
phjTinuria were decreased. The most definite clinical change observed 
was a clearing of the mental apathy so often present with the ingestion 
of sulphanilamide. 

Bigler and Haralambie® presented a very extensive review of the 
literature on sulphanilamide. Particular emphasis was laid on the 
range and limitation of application of the preparation and on what has 
been found to be the optimal dosage and mode of administration with 
the different diseases. Sulphanilamide has proved to be one of the most 
effective drugs in the treatment of certain diseases and they predicted 
many new derivatives and compounds of sulphanilamide. They 
defined the fields of usefulness of the drug and in their discussion of the 
toxicity and reactions of the drug they attempted to show not only its 
dangers but also its innocuousness when it is used intelligently. 

McColl-’ remarked that the clinical success of sulphanilamide' in 
infections with streptococci, gonococci and meningococci stimulated 
the search for new and related chemical compounds of therapeutic 
value. Of these numerous derivatives, 2-para-amino-benzene-sulphan- 
ilamide-pjTidine has come forth as a valuable chemotherapeutic agent 
because of its effectiveness against pneumococci as well as the other 
organisms affected by sulphanilamide. Among the names which have 
been applied to tliis drug are sulphanilamidepyridine, sulphone-pjTidine, 
pyrideine sulphanilamide compound, dagenan, M & B 693. The 
Council on Pharmacy and Chemistry finally named it “ sulfapyridine.” 
This is a slightly bitter powder which commercially is offered in tablets 
usually of 0.3 to 0.5 gm. McColl found it useful in pneumonia and also 
in a number of otlier infections, and it required a smaller dosage than 
did sulphanilamide. The toxic effects were less noticeable. Besides 
pneumonia he employed it in bronchopneumonia, osteomyelitis, men- 
ingitis, ruptured appendix, cellulitis of the hand and of the shoulder, 
impetigo neonatorum and epidermolysis bullosa. 

According to McLeod,®' nausea and vomiting are frequent accom- 
paniments of the administration of sulphapyridine. These reactions 
are not related to the dosage of the drug or to the blood level. Since 
vomiting occurs in individuals to whom the drug has been administered 
parenterally, the effect would seem to be central, in addition to a 
possible local action on the stomach. Morbilliform skin rashes have 
been reported as well as numbness and tingling of the extremities. 
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Cyanosis due to methemoglobinemia occurs, particularly if high blood 
levels of the drug are attained. More serious toxic manifestations may 
appear involving the hemopoietic system and the urinary tract. Al- 
though there have been numerous reports of acute hemolytic anemia 
in patients receiving sulphanilamide, there has been little information 
available concerning blood destruction in patients receiving sulphapyri- 
dine. Hemolysis, when present, is due to tire sulphapyridine itself 
and not to the pathologic process such as a pneumonia. Granulocyto- 
penia also occurs with sulphapyridine. 

Somers®'^ treated 143 cases of cerebrospinal meningitis with sul- 
phapyridine. These cases were all treated under adverse conditions 
in grass shelters with insufficient and unskilled nurses and the crudest 
care and food. The clinical condition of the patient and the cerebro- 
spinal fluid were the criteria for the dosage of sulphapyridine injected. 
The youngest patients usually received proportionately the largest 
doses as they were the most seriously ill patients. Infants tolerated 
injections of 0.25 gm. in 40 cc. of distilled water intraperitoneally and 
0.5 gm. intramuscularl3\ Saline suspensions were later used instead 
of the distilled water and resulted in less pain. In those reeeiving 
larger doses herpes of the lips were often observed. More rapid general 
improvement followed the intraperitoneal injeetions than the intra- 
muscular injections. In most of the cases the cerebrospinal fluid 
became clear before the temperature fell to normal. Arthritis of the 
large joints and stiffness of the neck usually persisted for some days 
after the general condition had improved. While the usual case mor- 
tality of this disease in the Sudan is from 68 to 80 %, in the 143 cases 
observed in this report under treatment with sulphapyridine the case 
mortality was 10 %. 

Hamilton and Neff'^ reported a case of influenzal meningitis, with the 
same organism in blood culture, that was treated with sulphapyridine. 
Under this drug the patient recovered simultaneously from the clinical 
and laboratory standpoint. The patient became afebrile on the six- 
teenth day. 

According to Banks, acute hemolytic streptococcal peritonitis, in 
which no focus in the abdominal cavity is demonstrable, is a rare and 
very fatal condition. The disease is essentially the same whether 
associated with scarlet fever or not, being probably always preceded 
by hemolytic streptococcic septicemia. The entire treatment of acute 
primary peritonitis has been revolutionized by the introduction of 
the new drugs. Both sulphanilamide and sulphapyridine have such 
potent action on hemolytic streptococci in the blood stream, in the 
meninges and as this case suggests in the peritoneum, that it may be 
thought justifiable and even desirable to refrain from laparotomy in 
view of the risks in desperately ill patients. Where there is a demon- 
strable primary focus in the abdomen this does not apply. In the case 
reported the child had scarlet fever plus a peritonitis and recovered 
under chemotherapy administration alone. 

Brown® treated 27 cases of gonococcal vulvovaginitis with sulphapyri- 
dine, 31 with sulphanilamide and 6 with the sulphanilamide compound 
called uleron. All the patients treated were from 3 to 10 years of age. 
The duration of the period of treatment was cut down to only 4 days 
for the girls receiving sulphapjTidine and to 10 days for those receiving 
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sulphanilamide. Perhaps the chief advantage found for sulphapyi’idine 
was that there was no necessity for local treatment except for merely 
swabbing the vulva with 1 part of acriflavine in 1000 parts of glycerin 
for the first few days. Improvement is apparent within a few hours 
in some cases treated with sulphapjTidine and always within a few days 
with both sulphapyridine and sulphanilamide. The greater majority 
of the cases when once cleared remained clear even many months later. 

While sulphapyridine has been used in these and other forms of 
infection, its action against pneumococcic infections have been particu- 
larly striking. Of pneumococcal meningitis Cable^® said that it is rare, 
having been noted 39 times in 36,848 cases admitted to the Dudley 
Road Hospital in the past 3 years. The rarity of the condition is offset 
by its fatality rate, which has been usually accepted as 100%. His 
case was the first successful case reported in which sulphapyridine was 
used. Dunlop and Laurie*- reported another successful result with the 
administration of sulphapyridine. Yule*® reported a case that recov- 
ered under treatment with this drug. Pneumococcic meningitis fol- 
lowed mastoidectomy. McKeith and Oppenheimer-® reported 5 con- 
secutive recoveries under treatment with sulphapjTidine, of which 
2 recovered. This was a very great improvement in the mortality rate. 

Discussing the treatment of pneumonia in children with type-specific 
horse and rabbit sera, Hodes et stated that the results have been 
good and in some instances striking. However, this form of therapy 
has certain disadvantages when used in children because the type of 
pneumococcus must be determined before serum can be started and 
difficulties in typing may cause serious delay in starting therapy. In 
addition to this objection sometimes more than one type of pneumo- 
coccus is found in a patient and it is impossible to be certain which 
organism is causing the pneumonia. As a further objection serious 
serum reactions, while infrequent, do occur occasionally in spite of all 
precautions. Many of the patients are too young to be cooperative 
and are greatly disturbed by serum administration. The cost of the 
treatments is another important consideration. Although the mortality 
rate for pneumonia in children is very low, the condition is sufficiently 
serious to justify search for an effective therapeutic agent. The 
authors found that sulphapyridine was effective in primary pneumonia 
and also in the pneumonia accompanj-ing measles and pertussis. As a 
rule, the administration of sulphapyridine was followed within 48 hours 
by a fall in temperature to normal and by prompt improvement and 
in 71 cases they had no deaths. They called attention to the possible 
ill-effects following the use of this drug such as hematuria, granulocyto- 
penia and anemia. They emphasized the necessity of leukocyte counts, 
hemoglobin determinations and urine examinations at least every other 
day on all patients receiving the drug so that detection of the develop- 
ment of these untoward effects can be made as early as possible. Because 
these ill-effects are only temporary so far as is known, the withdrawal 
of the drug or reduction of the dosage is important. 

Wilson ci attempted to determine the value of sulphapyridine 
in the treatment of pneumonia in infants and children, making no 
distinction between croupous pneumonia and bronchopneumonia. A 
control group was studied in parallel to the sulphapyridine group, 
observing such factors as age, severity of the pneumonia, the time at 
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wliich there was clinical improvement, significant fall in the temperature 
and clinical recoA^ery. The case fatality rate is so low in pneumonia in 
children that this cannot be taken as a criterion of the efficacy of 
treatment. In their control and sulphapyridine groups there was no 
fatality. In all 70 cases with pneumonia were studied, half serving as 
a control group and half receiving sulphapyridine. The characteristics 
of the disease in the two groups were suitable for comparison of the 
results obtained. The administration of sulphanilamide apparently 
shortened the course of the pneumonia by approximately 3 or 4 days. 
By a statistical analysis it was demonstrated that the fall in tempera- 
ture and the clinical recovery were significantly earlier in the sulphapyri- 
dine group than in the control group. As far as complications were 
concerned the number of cases under observation ■was too small to allow 
of evaluating the effect of sulphapyridine in this respect. The optimum 
dosage could not be determined but these observations indicated that a 
dosage which secures a level of free sulphapyridine in the blood of 
approximately 4 mg. per 100 cc. is therapeuticallj' active. It was found 
that there were wide individual variations in the le^'els of free sulphapyri- 
dine so that frequent estimation of the blood concentrations are neces- 
sary. Vomiting and cyanosis were present in about half of the patients 
receiving sulphapjTidine. In no instance was the cyanosis sufficient 
to cause concern. In the control group a number of the patients 
manifested cyanosis and vomiting in the acute stage of their pneumonia. 
Two patients on the drug had cutaneous eruptions but none of the 
severer reactions of the drug were observed. 

Barnett ct al.^ studied the clinical results of sulphapyridine in 23 in- 
fants and children. In this group, 14 had pneumonia, 3 had empyema, 
4 bronchitis, 3 pneumococcic peritonitis, 1 influenzal meningitis and 
1 subacute bacterial endocarditis. They had results confirmatory of 
the reports concerning the use of the drug in adults. They suggested 
that in pneumonia if definite improvement did not result in 24 to 
36 hours specific serum therapy should be used if the clinical conditions 
indicated its use and if the material was available. The toxic symp- 
toms that were encountered following the use of this drug were mild 
nausea, vomiting and slight mental confusion, all of which usually 
subsided even with the continued administration of the drug. None of 
these manifestations were ever of sufficient severity to interfere with 
the use of the drug. Cyanosis due to the accumulation of methemoglo- 
bin was seen in most of the extensively treated cases but was xeadily 
controlled by the use of methylene blue. 

Reynolds and Slobody®” concluded that sulphapjTidine when properly 
used in the treatment of the pneumonias of childhood brings about a 
precipitous fall in temperature, followed by a rapid disappearance of 
toxicity and a return of the respiratory rate and general condition to 
normal. They found that the signs of consolidation may persist for 
the usual length of time, but convalescence is markedly shortened and 
complications are rare. They commented on the relatively large doses 
of sulphapyridine required by children. This was directly proportional 
to the lack of age in the patients as infants under 2 years of age required 
a further 50% increase in the size of the dose on the basis of body 
weight to bring about results comparable with those obtained in older 
children. 
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Litter, Litvak and Givan,=® discussing the use of sulphapyridine in 
the treatment of pneumonia complicating pertussis, pointed out that 
vomiting, which is a predominating symptom of whooping cough, 
complicates the adequate administration of the drug. They found 
that the simple expedient of incorporating the drug in palatable vehicles 
was very useful. Sulphapyridine can be added not only to milk or 
fruit juices, but also to chocolate or malted milk. In addition, desserts 
such as mashed banana and cream, chocolate or rice pudding, and 
tapioca may be used. It has been found advantageous to vary the 
vehicle of administration. If emesis is at all prominent it is not pos.sible 
to determine the amount of sulphapyridine actually ingested. In such 
cases the concentration of the drug in the blood must be observed by 
frequent blood studies necessitating frequent venipunctures. For 
several reasons this is not desirable, but especially in anerhic and 
debilitated children. For this reason the authors have recommended 
rectal administration of sulphapyridine wdiere pernicious vomiting 
interferes with the plan of dosage. They stress the need of larger 
doses than those given by mouth as the absorptive power of the rectum 
is less active. 

Leopold and Sobel-® treated 58 cases of lobar and bronchopneumonia 
in infants and children with sulphanilamide, with only 1 fatality. In 
2 patients there was jaundice caused by toxic hepatitis. In 54 of the 
58 cases the temperature fell to normal and the patient was apparently 
well 48 hours or less after administration of the drug had been started. 
In 49 cases this favorable result occurred mthin 36 hours, and in 35 
cases within 24 hours. Compared to specific antipneumococcus serum 
therapy, sulphapyridine had a particular advantage in the treatment 
of the pneumonias of infancy and childhood, for it can be administered 
as soon as the diagnosis is made, thus avoiding the 1 da}' delay usually 
met in children before the pneumococci can be typed. Successful 
typing is often impossible in infants and children as was evidenced in 
the fact that only 14% of this series could be typed. 

From a review of the literature it is found that the favorable reports 
on tlie use of the sulphanilamide group of preparations greatly pre- 
dominate over the reports of untoward effects, blood dyscrasias and 
other sequelre of its use. In fact, many of these are transient and 
clear up promptly after the use of the drug has been discontinued. 
Fatal complications have been the exception and deaths and serious 
after-effects are proportionately no greater, for instance, than those 
following the use of the arsphenamine preparations. Some disturb- 
ances in susceptible individuals should be e.xpected in the use of any 
powerful chemotherapeutic agent. "While its use is not recommended 
for indiscriminate application, especially in conditions of mild infections 
easily controlled by less powerful drugs, in severe infections the possi- 
bility of any complication or ill-effcct need not be considered, as the 
primary requisite is the combating of the threatening infection. In the 
long run it will be found that the ill-effects from the drug are minimal 
after all, 
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Studies on the Detoxication of Local Anesthetics. Helene Waste 
(Department of Anatomy and the Research Foundation, Hahnemann 
Medical College). Toxic doses of procaine hydrochloride and butyn 
sulphate were injected intramuscularly into guinea pigs and mice. It 
was observed that the signs of toxicity were delayed in onset and briefer 
in duration, and that the mortality incidence was decreased, when 
various calcium salts were injected simultaneously with the local 
anesthetics; this protective action was found to occur when the two 
substances were injected at separate sites as Avell as when they were 
injected after preliminary mixing. 

The degree of protection provided by the calcium salts shows a direct 
logarithmic relationship Asuth the size of the dose employed. The major- 
ity of the salts employed (the benzoate, levulinate, salicylate and lac- 
tate) are relatively less effective when injected separately than when 
they are injected after mixture, but this relationship is reversed in th^ 



154 


PROGRESS OF 5IEDICAL SCIENCE 


case of the gluconate. In all instances the protection provided against 
butyn sulphate is superior to that pi-oAuded against procaine hydro- 
chloride. 

Neither the molecular weight of the calcium salt nor its hydrogen ion 
concentration plays a role in the degree of protection which it provides, 
but the degree of ionization appears to play a certain role when it is 
injected along with the local anesthetic. When injected after prelimi- 
nary mixing, the salts, in order of decreasing effectiveness, rank as fol- 
lows: benzoate, salicylate, levulinate, lactate, gluconate; when injected 
separately they rank (against procaine) benzoate, gluconate, salicylate, 
levulinate, lactate and (against butyn) benzoate, gluconate, levulinate, 
salicylate, lactate. As a practical clinical matter only two of these 
salts (the levulinate and the gluconate) are sufficient!}' non-irritant to 
permit of subcutaneous or intramuscular injection; of the two, as the 
above ranking demonstrates, the levulinate is to be preferred if it is to 
be injected as part of the anesthetic mixture. 

The Effect of Insulin on the Electrical Activity of Nerve. Joseph 
Hughes (Institute of the Pennsyh^ania Hospital). The action of 
insulin on the after potentials of the cat’s phrenic nerve has been studied. 
The nerves used in these experiments were mounted in a chamber 
through Avhich was passing a mixture of 5 % CO 2 and 95 % O 2 according 
to Lehman’s technique. The after potentials were recorded on a cathode 
ray tube. 

After obtaining control pictui'es the nerve was then immersed in 
Krebs-Ringer solution containing zinc-free insulin. The pH of this 
solution was 7.4 to 7.45. 

Solutions containing 0.002 of a clinical unit of zinc free insulin per 
cubic centimeter produced a change in the after potentials after 1 hour 
of soaking. This effect consisted in a shortening of the negative and 
deepening of the positive wave. The spike was usually unchanged. 
This effect has been observed with dilutions as great as 0.0002 clinical 
units per cubic centimeter. It is lost at higher dilutions. With dilu- 
tions of 0.2 clinical units per cubic centimeter undulating waves 
appear in the after potentials. -These changes occur at a pH of 7.4. 
They were abolished by decreasing the pH to approximately 6.4 to 6.6 
b}' means of increasing the COj flow into the nerve chamber. Excita- 
ijility curves, run after the insulin effect was established, showed that.the 
irritability of the nerves paralleled the after potential changes. Nerves 
soaked in insulin which had been inactivated by mean of NaOH failed 
to show these after potential changes. 


The Chemical and Physical Properties of the Gonadotrophic Hor- 
mone of Human Pregnancy Urine. S.\muel Gimix, C.arl B.\ch.man 
and 14. right \\ilsox (Departments of Physiological Chemistrv 
and Obstetrics and Gynecology. University of Pennsylvania). Several 
fractionation methods have been employed for obtaining pregnanev 
urine gonadotropliic preparatioms assaying 4000 minimal effective 
doses (M.E.D.) per milligram when tested in the post-partum rabbit. 
The it\ of those prcpurutioiis could not l>c ruised by further chciu- 
ical manipulation. Analysis of such products indicates that they are 
glyco-protcin.s containing^ .50% carbon. 7% hydrogen, 12% nitrogen, 
10 to 12% galactose aiul .) to 6% hexosamine. 
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Upon examination in the Tiselius electrophoresis apparatus, a prepa- 
ration containing 4000 M.E.D. per milligram showed a single mobile 
component with a mobility equal to 4.85 x 10~® cm.- sec.“^ volt.“^ The 
substance was tlierefore essentially homogeneous with respect to elec- 
trical charge. The mobile protein, upon recovery, was biologically 
active and had the composition of a glycoprotein. 

The same preparation likewise produced a single sedimenting band 
indicative of homogeneity when examined in the ultracentrifuge, as did 
a second preparation of similar biological activity prepared by a different 
method. The sedimentation constant (5 x 10“^^ cm. dynes"^ sec."^) 
suggests a minimum molecular weight of 60,000 to 80,000 if the mole- 
cule is assumed to be spherical. 

These observations indicate that hormone preparations containing 
4000 M.E.D. per milligram are essentially pure. 


The Functions of the Carotid and Aortic Bodies. Carl F. Schmidt, 
J. H. CoMROE, Jr., R. D. Dripps, Jr., and P. R. Dumke (Laboratory 
of Pharmacology, University of Pennsylvania). Investigations in 
various laboratories (including this) show that the chemoreceptors of 
the carotid and aortic bodies are only a part of the mechanism by 
which the respiratory and circulatory responses to chemical changes in 
the blood are brought about. Their functions must therefore be ascer- 
tained by obtaining an adequate amount of valid quantitative data 
regarding their sensitivity and the size of their contribution to the total 
response. Investigations of the past 3 years, and still continuing, 
justify the following statements; 

1. The impulses from the chemoreceptors are positively stimulant to 
the respiratory, vasomotor, and cardio-inhibitory centers; stimulant 
responses ai’e not due to removal of an influence previously inhibitory, 
as in the case of the impulses from the pressoreceptors of the carotid 
sinus and aortic arch. 

2. The thresholds of the carotid chemoreceptors to changes in CO 2 
tension and acidity are about 10 mm. Hg and pH p.l respectively, in 
lightly anesthetized, vagotomized dogs subjected to saline profusion of 
both cai’otid bodies. The corresponding thresholds of the respiratory 
center, in animals similarly prepared, are of the order of 3 mm. and less 
than pH 0.02. The threshold of the chemoreceptors to anoxia is cer- 
tainly lower than that of the center, if indeed the latter is stimulated 
at all. 

3. Direct experiments on dogs have given no support to the conten- 
tion of Heymans and Bouckaert (Ergeb. d. Physiol., 41, 28, 1939) that 
the carotid chemoreceptors are more sensitive and more rapid than the 
respiratory center in responding to changes in arterial CO 2 tension. 
The same is true for the statement by Euler and Liljestrand (Skand. 
Arch. Phj’^siol., 74, 101, 1936) that the chemoreceptors are continuously 
stimulated by the CO 2 tension existing in arterial blood under resting 
conditions. 

4. There is some tonic activity in the carotid bodies of some animals 
without anoxemia, hypercarbia, or acidosis, as shown by reflex respira- 
tory depression on cooling the fluid perfusing the carotid bodies, but 
this occurs even when the fluid is greatly below the normal resting con- 
tent with respect to any knoAvn chemoreceptor stimulant (O 2 tension 
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over 150 mm., CO 2 belov‘ 1 mm., and pH 7.5). This may be due to the 
presence of receptors activated by temperature changes in the carotid 
bodies in such cases (Schmidt, Dumke, and Dripps: Proc. Soc. Exp. 
Biol, and Med., 42, 31, 1939). 

5. The conclusions derived from oiu- previous studies (Am. J. Physiol., 
102, 94, 1932; 121, 75, 1938; 127, 76, 1939)— that chemoreceptor 
reflexes are less sensitive than the center to CO 2 and pH, that they con- 
stitute an accessory, supporting mechanism brought into play only in 
emergencies such as anoxemia, unusually great increases in CO 2 tension 
and acidity, or poisoning by di-ugs such as cyanide, lobeline, and so on — 
are therefore reaffirmed. 


Influence of Organic Compounds Upon the Secretory Activity of the 
Frog Liver. Rudolf Hober and Elinor Moore (Department of 
Physiology, University of Pennsylvania). The ability of the isolated 
Ringer perfused frog liver, to concentrate dyestuffs in its secretion 
several hundred times, can be abolished entirely and reversibly by re- 
placing in the Ringer solution about of the NaCl by the isosmotic 
amount of a surface-inactive lipoid-insoluble hydrophilic non-electrolyte 
(disaccharide, hexose, pentose, polyhydric alcohol, amino acid, acid 
amide) or electrolyte (salts of lower fatty acids, hydroxyl carboxylic 
and dicarboxylic acids). This effect is not dependent upon changes in 
the perfusion rate. The opposite effect, promotion of secretory activity, 
can be brought about by polar-nonpolar electrolytes (salts of liigher 
fatty acids, bile acids and other aromatic carboxylic acids, aromatic 
sulphonic acids) and surface-active non-electrolytes (alkaloids, digi- 
tonin, anesthetics). However, reversibility of this effect cannot, be 
regularly observed, since cytolysis is frequently the end result. Suitable 
concentrations of inhibitorj’’ and promoting substances, simultaneously 
applied, counteract each otlier. Inhibitory and promoting substances, 
in general, exhibit opposite effects upon the dispersion of colloids 
(starch, lecithin, gelatin). 
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THE EFFECTS OF SULFANILAMIDE, NEOPRONTOSE. AND 
SULFAPYRIDINE UPON THE ERYTHROCYTE COUNT 
OF WHITE RATS. 

By Thomas E. Machella, M.D.,* 

FELLOW IN EXPERIMENTAL PHYSIOLOGY, 

AND 

George M. Higgins, Ph.D., 

DIVISION OF EXPERIMENTAL MEDICINE, THE MAYO FOUNDATION, 
ROCHESTER, MINN. 

The purpose of this paper is to present data on the relative effects 
of administration of equal doses of sulfanilamide (para-amino- 
benzene sulfonamide), neoprontosil (disodium-4-sulfamido-phenyl-2 
azo-7-acetylamino-I-hydroxynaphthalene-3, 6-disulfonate) and sulfa- 
pyridine (2 para aminobenzene sulfonamido pyridine) upon the eryth- 
rocyte count of white rats. Data will also be presented on the body 
weight and intake of food and water of the animals which received 
these drugs. 

Wien^ reported the absence of anemia and porphyrinuria in two 
groups of 3 rats which received daily doses of sulfapyridine for 
15 days; the doses used were 3 and 6 gm. per kg. of body weight 
respectively in each group. Sulfanilamide, however, when admin- 
istered in daily doses of 1.5 gm. per kg. of body weight produced 
both a reduction in the erythrocyte count and an increase in the 
porphyrinuria. A -daily administration of 4 gm. of sulfapyridine 
per kg. of body weight for 15 days produced a retardation in the 
growth of young rats which was comparable to that produced by 
giving daily 1 gm. of sulfanilamide per kg. of body weight. A 
daily dose of 1 gm. of sulfapyridine per kg. of body weight caused 
no significant inhibition of growth. 

Rimington^ reported an increased elimination of porphyrin in the 
urine of rats which had received sulfanilamide and prontosil (sol- 
uble). The presence of methemoglobin was demonstrated in the 
blood of these animals. 

* Commonwealth Fund Fellow from the University of Pennsylvania. 
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Kreutzmann and Carr^ reported no change in the erythrocyte 
and leukocji;e counts or in the concentration of hemoglobin of 
rabbits which received daily intramuscular injections of 0.25 gm. of 
prontosil for 21 days. An increase in the erythrocyte count, how- 
ever, was noted following cessation of administration of the drug. 

In a previous paper^ we reported the details of a macrocytic 
anemia, the toxic symptoms observed and the gross pathologic 
findings in white rats to which sulfanilamide was administered in 
various doses for varjdng periods of time. It was found that adult 
rats which had received 2 gm. per kg. of body weight lost weight 
but that animals which received 1 gm. per kg. or smaller doses 
maintained their body weights very well. Enormously distended 
stomachs which contained retained food were found in the animals 
which lost weight. The decrease in the erythrocyte count which 
was observed was found to bear some relationship to the voluntary 
daily intake of water by the animals in so far as an increase in the 
consumption of water occurred and was maintained during a period 
at which the rate of decrease in the erythrocjde count was lessened. 

In the experiments to be reported here, daily doses of each of the 
three drugs, sulfanilamide, neoprontosil and sulfapyridine, were 
administered separately to a group of 6 rats for a period of 4 weeks. 
The rats used were adult males of the Wistar strain; their average 
weight will be stated in the consideration of the results. The 
amount of each drug given was 1 gm. per kg. of body weight; each 
dose was made up to 6 cc, with tap water and was administered by 
means of a stomach tube. The rats were housed in single cages in 
groups of 3 and the amounts of food and water consumed were 
measured daily. The diet consisted of a commercial product 
which together with fresh water was provided ad libitum. Body 
weights were recorded periodically. The points on the various 
curves represent the average for the 6 rats of each group. Erythro- 
cyte counts were made at weekly intervals by using samples of blood 
obtained by puncturing the ear. Platelet counts were made on the 
group of animals which received sulfapyridine; these counts were 
made at weekly intervals by the direct method of using a 0.3% 
solution of sodium citrate as the diluent. 

Results. Sidfanilamide. The greatest and the most rapid de- 
crease in the erj’throcyte count occurred in the group of rats which 
received sulfanilamide. This decrease was most rapid during the 
first 2 weeks of tlie administration of the drug (Table 1), after which 
tlie curve depicting the changes in the number of erji;hrocytes 
tended to flatten out at the level reached at that time. The average 
amount of water consumed daily throughout the entire 4 weeks 
was greater than that during the control period. This increase, 
however, tended to be greater during the second 2 weeks at which 
time a further decrease in the erj4hrocji;e count was in abej^ance. 
The average initial body weight of this group was 294 gm. After 
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a transient decrease observed on the fourth day, which was accom- 
panied by a decrease in the intake of food, the average body weight 
increased throughout the remainder of the experiment. This in- 
crease in body weight was not as great as that of a control group 
of animals, the latter group gaining an average of 7.2% in 1 month 
from an initial average weight of 298 gm. The increase in body 
weight of the group which received sulfanilamide Avas paralleled 
by an increase in the daily amounts of food consumed (Chart 1). 
This group of rats displayed marked cyanosis throughout the entire 
experiment. 


Table 1. — ^Effect op Drugs on Total Number of Erythrocytes of 

White Rats. 


Drug. 

Number 

of 

animals. 

Dose of 

Total number of erythrocytes, millions per c.imn. of blood. 

drug. 

Control. 

1 week. 

2 weeks. 

3 weeks. 

4 weeks. 

Sulfamlam- 

ide 

6 

1 gm.perkg. 

9. 83 ±0.12 


G.95±0.24 

7.3G±0.13 

G.48±0.13 

Neoprontosil 

G 

Igm.perkg. 

10.G7±0.14 

9.78=*=0.19 


8.48±0.16 

8.78±0.2G 

Sulfapyridinc 

0 

1 gm. per kg. 

10.07±0.13 


9.54±0.18 

10.05±0.15 

9.04±0.20 

Controls 

6 : 

None 


11 16±0,21 


n.l6±0,18 



Neoprontosil. The average number of erythrocytes per cubic 
millimeter of blood of the animals which received neoprontosil also 
decreased during the experiment. This decrease, however, was less 
marked than that observed in the animals which had received 
sulfanilamide. Nevertheless, the decrease in the total number of 
erythrocytes in the blood of animals which received neoprontosil is 
significant statistically as is indicated by computing the differences 
and their errors between the control determinations and those of 
the test animals at the end of each week of administration of the 
drug (Table 1). The daily intake of food and water by the group 
which received neoprontosil showed no significant changes through- 
out the 4 weeks. The average body weight of this group of 6 ani- 
mals before the administration of the drug was 370 gm. This 
average weight increased slightly during the first 11 days and then 
gradually decreased during the remainder of the 4 weeks until it 
was the same as the weight of the control animals (Chart 2). The 
control animals gained an average of 6% in weight in the same 
period of time. The animals that received neoprontosil also displayed 
cyanosis, but the cyanosis was in no instance as marked as that 
observed in the group of animals given sulfanilamide. 

Sylfapyridine. The group of 6 animals which received sulfa- 
pyridine showed the least decrease in the total number of erythro- 
cytes and the slight decrease which was observed was not constant!}'' 
maintained. At the end of one week there was no change in the 
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erythrocyte count, but at the end of the second week the mean 
number of erythrocytes was below that observed during the control 
period. At the end of the third week the average erythrocyte count 
had returned to the control level, but at the end of the fourth week 
it had decreased 10% below the control values. When the data 
were appraised statistically and the differences together witli their 
errors computed, no significant effect was shovm to have been pro- 
duced until the end of the fourth week. The differences between 
the mean control value (10. 07 =>=0.13) and that attained at the end 
of the fourth week (9 . 04 =>= 0 . 20) was 1 . 03 =>= 0 . 24. This difference, 
although not large, is statistically significant and the conclusion is 
thereby indicated that sulfapyridine had induced a slight but real 



Time in weeks 


Chart 1. — Trends in the erythrocyte count, body weight and daily intake of 
food and water of 6 animals which received 1 gm. of sulfanilamide per kg. of body 
weight daily for a period of 4 weeks. 


anemia (Table 1). Erythrocyte counts made at the end of the 
fifth and sixth weeks upon these same animals, which continued to 
receive the daily amounts of the drug, remained essentially the same 
as they did at the fourth week (9 . 12=i=0 . 15 and 9 . 11 =>=0 . 37 respec- 
tively), but data assembled at the end of the seventh week showed 
a mean erythroc}i;e count of 9. 67 =>=0.27 million per c.mm. of blood. 
This figure is not significantly different from the established control 
values and must indicate that the slight anemia induced by the 
drug during the fourth, fifth and sixth weeks was but transient. 
Administration of sulfapyridine was discontinued after the sei-enth 
week and sulfanilamide in similar doses was substituted. Within 
1 week after the animals had been on sulfanilamide the erythro- 
cnTc count decreased to 25% and within 2 weeks to 35% of the orig- 
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inal value. Platelet counts made at weekly intervals during the 
first 4 weeks of the administration of sulfapyridine revealed no 
significant changes. The average platelet counts of 6 animals at 
weekly intervals were 823,000 (control), 750,000, 830,000, ^46,000 
and 730,000 per c.mm. 



Chaht 2. — Trends in tlie erytlxrooyte count, body -weight and daily intake of 
food and -water of 6 animals -which received 1 gm. of neoprontosil per kg. of body 
weight daily for a period of 4 weeks. 


The initial average body weight of the 6 animals which received 
sulfapyridine was 300 gm. This decreased to 290 gm. on the fourth 
day of the experiment and thereafter it varied between 290 and 
and 295 gm. for the remainder of the 7 weeks during which the 
drug was administered. The average initial body weight of control 
animals increased 7.2% by the end of the fourth week. There 
was no significant change in the daily intake of food or water 
(Chart 3). During the entire 7 weeks cyanosis was not detectable 
in the group of animals which received sulfapyridine, however, when 
sulfanilamide was substituted for the sulfapyridine, intense cyan- 
osis soon developed and was maintained. 

Comment. The administration of the three drugs in the same 
amounts daily and by the same route afforded an excellent oppor- 
tunity to study the effects of these drugs on the erythrocyte count 
and to observe any possible toxic manifestations which might have 
occurred. With respect to the erythrocyte count, the results indi- 
cate that sulfanilamide depressed the count the most and sulfa- 
pyridine the least, while the effects induced by neoprontosil were 
somewhat in between those produced by the two drugs (Chart 4). 
Cyanosis was rather intense in the group of animals which received 
sulfanilamide but was less intense in the animals which received 
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Control 12 3 4 


Time in wggKs 

Fig. 3. — Trends in the erythrocyte count, body weight and daily intake of food 
and water intake of 6 animals which received 1 gm. of suifapyridine per kg. of body 
weight daily for a period of 4 weeks. 



Control 1^34 

Time in weeks 


CUAUT 4. — Comparison of effects of equal doses of sulfapj-ridine, neoprontosil and 
sulfanilamide upon the eiythrocyte count of rats. The points on the cun-es ropre- 
sent the erj'throcyte counts at the weekly intervals; the crj'throcyto counts arc 
expressed as per cent of the normal count. 
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neoprontosil. Clinical cyanosis was not detectable in the animals 
which received sulfapyridine. The animals which were used in 
these experiments were adults, hence satisfactory comparison can- 
not be made with the results obtained by Wien who used young rats. 
In our experiments, the animals which received neoprontosil and 
sulfapyridine failed to gain weight, Avhile controls in the same 
initial weight ranges did gain. The animals Avhich received sulf- 
anilamide gained slightly in average body weight but not as much 
as the controls. We have observed loss of body weight in rats which 
received larger doses of sulfanilamide, including the dose used by 
Wien (1.5 gm. per kg. of body weight). Convulsions and distended 
stomachs, the occurrence of which we have already reported in 
cases in which animals received sulfanilamide in large doses, were 
not observed in the animals which received sulfapyridine or neo- 
prontosil. 

Conclusions. 1. When sulfanilamide, neoprontosil and sulfapyr- 
idine were administered in equal doses by the same route, sulf- 
anilamide produced a greater reduction in the total number of 
erythrocytes than did neoprontosil, which in turn was more potent 
than sulfapyridine in reducing the red cell count. 

2. Cyanosis ivas more intense in the animals which received 
sulfanilamide than it was in the group which received neoprontosil; 
clinical cyanosis was not detected in the animals which received 
sulfapyridine. 

■ 3 . All three groups of animals failed to gain in body weight, as 
compared with controls observed during the 4 weeks of the experi- 
ment. 

The authors are indebted to Dr. Alfred Uihlein for the platelet counts cited. 
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NUTEJTIONAL MICROCYTIC HYPOCHROMIC ANEMIA IN DOGS 
CURED WITH CRYSTALLINE FACTOR I. 

By Paul J. Pouts, M.D. 

Oscar M. Helmer, Ph.D. 

AND 

Sajmuel Lepkovsky, Ph.D. 

INDIANAPOLIS, IND. 

(From the Lilly Laboratory for Clinical Research; Indianapolis City Hospital, 
Indianapolis, Ind., and University of California, Berkeley, Calif.) 

Puppies maintained on a purified casein diet apparently deficient 
only in Factor I (rat antidermatitis factor, vitamin Be) developed 
severe microcytic hypochromic anemia.^ They also failed to grow 
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properly and 3 of 4 animals exhibited generalized convulsions. 
Addition to the diet of a concentrate prepared from rice bran and 
containing Factor I cured the anemia, but in one animal, in spite of 
this the convulsions continued. Chick, hlacrae, Martin and Martin^ 
reported similar findings in young pigs. Feeding of their liver eluate 
which contained Factor I was followed by resumption of growth, 
cure of anemia, and disappearance of convulsions. 

These findings did not justify the conclusion that tlie material 
in rice bran extract and liver eluate which cures rat dermatitis is 
identical with the substance that cures anemia in puppies and pigs. 
The purpose of this paper was to ascertain by use of crystalline Fac- 
tor I whether they are the same. A preliminary report of these 
observations has been made.- 

Materials and Methods. Three adult mongrel dogs were fed unre- 
stricted amounts of the synthetic casein diet® supplemented daily with 
0.05 mg. of thiamine hydrochloride per kilo, 60 micrograms crystalline 
riboflavin per kilo, 4 cc. per kilo of a liver extract containing Factor II 
(chick antidermatitis factor) and nicotinic acid but free from Factor I, and 
halibut liver oil. Dog 2 received in addition 15 mg. of nicotinic acid daily. 
Supplements were not incorporated in the diet but administered separately. 
Crystalline Factor I prepared by method of Lepkovsky* was used in the 
studies. 

Results. Dog 1 weighed 6.2 kilos when started on the synthetic 
diet. There was a steady decrease in red blood cell count and hemo- 
globin after the 22d day of the diet. By the 120th day the red 
blood cell count had decreased from 8.68 million to 5.16 million per 
c.mm., hemoglobin from 14.7 to 7.5 gm., hematocrit from 62 cc. to 
25 cc. and mean corpuscular volume from 71.4 to 48.4 cubic micra. 
The dog appeared normal except that she was quieter than usual. 
Serum-iron on the 113th day was 0.476 mg. per 100 cc.* Oral 
administration of 60 micrograms of crystalline Factor I per kilo 
was started on the 127th day when the red blood cell count was 4.52 
million, hemoglobin 6.2 gm., and reticulocytes 1.8%; weight was 
6.4 kilos. This addition to the supplements was followed by 
reticulocyte rise to 14% (third day of therapy) and rapid rise 
in red blood cells and hemoglobin. The weight which had been 
approximately stationary increased rapidly. Twenty-one days after 
starting Factor I administration, the red blood cell count was 7.09 
million, hemoglobin 14.5 gm., hematocrit 44 cc., mean corpuscular 
volume 62.1 cubic micra, and weight 8.1 kilos. 

The anemia of Dog 2 which developed while on the synthetic 
diet did not respond to daily oral administration of 0.5 gm. of iron 
and ammonium citrate and 0.5 mg. copper sulphate. The response 
of red blood cell count, hemoglobin, and weight to the oral adminis- 
tration of crystalline Factor I w’as prompt (Table 1). Factor I was 

* Blood for Ecrum-iron determinations was collected in iron-free parafSned centri- 
fuge tubes, centrifuged at once and the supernatant serum transferred to glass-stop- 
pered flasks which were mailed to St. Louis where the serum-iron determinations 
were made. The authors wish to thank Dr. Carl V. Moore for these determinations. 



Table 1.— Response of Weight, Red Blood Cell Count, Hemoglobin, Reticu- 
locytes, Hematocrit, and White Blood Cell Count op Dog 2 to Diet 
Deficient in Factor I and Subsequent Response to Crystalline 

Factor I. 


Day. 

Wt. in 
kilos. 

RBC, 

million 

per 

c.mm. 

Hgb., 

gm. 

WBC. 

Reiic.f 

Hem., 

cc. 

MCV. 

Remarks. 

0 

8.1 

6.88 

12.3 

IfflRI 

n 




6 

8.4 

6.77 

10.8 

■rAwid 





26 

8.9 

8.11 
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discontinued after 31 days, although the iron and copper were 
continued. Within 92 days the hemoglobin was again at a low level. 
Intravenous injections of Factor I was followed by satisfactory hema- 
tologic response and gain in weight (Table 1). 

Dog 3 when started on diet weighed 6.9 kilos and the red blood 
cell count was 7.53 million, hemoglobin 16.2 gm., white blood cell 
count 10,050, hematocrit 56 cc., and mean corpuscular volume 
74.3 cubic micra. Iron and ammonium citrate 0.5 gm. and copper 
sulphate 0.5 mg. were administered daily after the 114th day. This 
did not prevent an increasing anemia. By the 136th day the red 
blood cell count was 5.29 million, hemoglobin 7 gm., white cell 
count 5500, reticulocytes 0.0%, hematocrit 27 cc., mean corpuscular 
volume 51 cubic micra, and weight 5.5 kilos. Oral administration 
of crystalline Factor I was initiated (60 micrograms per kilo daily) 
and was followed 4 days later by a reticulocyte rise of 6.5%. (Dn 
the 155th day (19th daj'’ of treatment) the red blood cell count was 
7.61 million, hemoglobin 14.8 gm., white blood cell count 8800, 
hematocrit 47 cc., mean corpuscular volume 61.8 cubic micra, and 
weight 6.9 kilos. 

Discussion. These observations show that adult dogs as well as 
puppies^ develop microcytic hypochromic anemia when fed a 
synthetic diet apparently deficient only in Factor I (rat antiderma- 
titis factor, vitamin Be) . The adult dogs were not allowed to become 
as anemic as the puppies and this might account for the non-occur- 
rence of convulsions in the adult dogs. Iron and copper did not cure 
the anemia of 2 dogs to which they were administered. In addition. 
Dog 2 had recurrence of anemia when the crj’^stalline Factor I was 
removed from the dietary supplements, although the iron and copper 
supplements were continued. These observations with the finding 
of high serum-iron values suggest that this microcytic hj^iochromic 
anemia is not the result of lack of absorption of iron from the gastro- 
intestinal tract. 

The increase in red blood cells and hemoglobin, improvement in 
appetite, and increase in weight following oral or intravenous admin- 
istration of crystalline Factor I was as definite as the previously 
observed responses following rice bran extracts. These results indi- 
cate that the material (Factor I) which cures rat dermatitis is iden- 
tical with that which cures microcytic hj^pochromic anemia in dogs. 

Summary. Adult dogs develop microcytic hypochromic anemia 
when fed a synthetic casein diet apparently deficient only in Factor 
I (rat antidermatitis factor, vitamin Be). This anemia was cured by 
addition to the diet, or intravenous injection, of crystalline Factor I. 
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A PERNICIOUS ANEMIA FAMILY. 

Five Authenticated Cases in the Same Generation. 

By F. R. Schemm, M.D., 

GREAT FARES CLINIC, 

GREAT PALES, MONTANA. 

Richard Cabot, ^ in reviewing the 1200 cases of pernicious 
anemia reported up to 1908, said “that the disease does not appear 
to be hereditary.” MinoC in 1920 finds that the occurrence of the 
disease in members of the same family- is not common and that 
“a hereditary factor is unimportant.” In 1927 he® says that 
“while it is true that pernicious anemia may occur in the same 
family, this is unusual.” But 10 years later Castle and Minot® 
state that “when complete histories are available, at least 18% of 
the patients will be found to have one or more close relatives who 
have the disease.” 

In a study of 32 authentic cases treated here in the last 6 years, 
6 instances of the occurrence of the disease in some other member of 
the family have been verified. This is a familial incidence of 
18.7% in an insignificant number of cases. It is our impression, 
however, from the difficulties experienced in obtaining adequate 
family histories and in verifying cases, that the true familial inci- 
dence is probably higher. 

Many of the reports’- of instances of 2 or more cases in one 
family are based on information obtained from the history or re- 
ceived from other members of the family. Many cases are included 
which have not been studied or do not fulfill the criteria of authenti- 
cated cases of the disease. Wilkinson and Brockbank’® give a sum- 
mary of many reports whose analyses show few authenticated and 
numerous presumptive cases. Patek’s® and Dorst’s^ reports are 
outstanding; 4 or 5 members of each family, on whom there are 
adequate data to justify the diagnosis, having died in the pre-liver 
era. 

For this reason one family with 5 proven cases in one generation 
is reported together with 5 other families in which the existence of 
another case of the disease has been verified. 

All the cases have been studied with a view to fulfilling the fol- 
lowing criteria; suggestive clinical symptoms and findings, a blood 
picture at some time compatible with the disease, an absolute 
absence of free hydrochloric acid after the administration of his- 
tamine, subjective and objective response to potent liver extract 
and a period of observation sufficiently long to rule out gastro- 
intestinal malignancy. 

Five Authenticated Cases in One Generation. Four brothers have 
been under treatment for a long time and the 5th case, a sister, has 
been under treatment since December, 1938. The 6th member of 
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tlie family studied, a sister, does not show any suggestive evidence 
of the disease. There is one other living member of this family 
whom it has not been possible to persuade to submit to study. 

The 4 brothers were seen somewhere, at some time, in a char- 
acteristic relapse and responded typicallj’’ to liver therapy. In all 
5 cases the blood smears showed changes compatible with tlie blood 
picture of pernicious anemia. In each case a gastric analysis was 
obtained which showed no free hydrochloric acid after histamine. 
The blood Wassermann tests were all negative. 

Case Reports. Case 1.— H. L. L. (No. 25356, brother), aged 43 (1939). 
Onset of symptoms at 35. Diagnosis established May 8, 1934. (This was 
the first member of this family seen.) Two of his brothers were being 
treated for pernicious anemia and another one had been ill in 1931, but no 
definite diagnosis had been made. He recognized the similarity of his 
symptoms to those of his 2 brothers who were under treatment and he had 
been taking, without consulting a physician, a mixture of liver and iron for 
3 years. Red blood cell count 2.3 million per c.mm., hemoglobin 44% 
(Sahli). Clinically, he answered Addison's description of a case in relapse. 
There was no objective evidence of postero-lateral sclerosis. Gastric 
analysis disclosed a total absence of free hydrocldoric acid following his- 
tamine. He continues weU and active with the red count over 5.0 million 
per c.mm. on a maintenance dose of 1 cc. of liver concentrate every 21 days. 

In the spring of 1935 the diagnosis was confirmed at the Mayo Clinic. 

Case 2. M. B. L. (No. 30172, brother), aged 47 (1939). Onset of symp- 
toms at 38. Diagnosis established April 21, 1930, at the Northwest Clinic, 
Minot, North Dakota. Red blood cell count, 1.6 million per c.mm., 
hemoglobin 52%. Gastric analysis showed no free hydrochloric acid after 
histamine. Seen here first on November 16, 1935. He wished to change 
from oral to parenteral liver. Red blood cell count was 4.1 million per 
c.mm. He has remained well and active with the red blood cell count over 
5.0 million per c.mm. on 1 cc. liver concentrate every 21 days. 

Objectively, at the time I saw him, his general examination was negative 
including the examination of the central nervous system. In June, 1925, 
he had been treated for lues at the Mayo Clinic and in Januar5’- of 1926 the 
gall bladder was removed there. Both in 1925 and 1926 gastric analyses 
showed an absence of free hydrochloric acid. Symptoms of the pernicious 
anemia did not appear until 1930. 

Case 3.— T. J. L. (No. 23604, brother), aged 57 (1939). Onset of symp- 
toms at 49. Diagnosis established December 28, 1935. Red blood cell 
count 3.8 million per c.mm., hemoglobin 58%. The blood smear showed 
many' well-filled macrocytes. Two subsequent blood counts showed color 
indices well above one. His color was suggestive; tongue smooth; knee 
jerks were increased and vibratory sense was diminished to absent in the 
ankles. His symptoms disappeared promptly' with the use of parenteral 
liver ex-tract. He is well and active ■with a red blood cell count above 5.0 
million per c.mm. on 1 cc. of liver concentrate every' 10 days. 

He had been seen here in 1931 because of numbness and tingling of the 
hands and feet. He was seen again in October, 1933, -with gastro-intestinal 
complaints which led to a gastric analy'sis which showed no free hydrochloric 
acid after histamine; red blood cell count was 5.0 million per c.mm., hemo- 
globin 80%. In ISIay', 1934, H._L. L. (Case 1) at my request, urged T. J. L. 
(Case 3) to report for examination, which he finally' did in December, 1935. 
He was forced to report by increase in severity' of ^mptoms characteristic 
of pernicious anemia, referred to the gastro-intestinal, cardiovascular and 
nervous systems. 
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Case 4.— J. M. L. (No. 30973, brother), aged 63 (1939). Onset of symp- 
toms at 56. Diagnosis established in 1932, on clinical grounds and on the 
results of liver therapy, by his local physician. Progressive weakness had 
made him unable to walk a block. Three and one-half pounds of fresh liver 
a week brought his hemoglobin from 56 to 87 % ; no red_ blood cell count. 
Gastric analysis at that time showed no free hydrochloric acid; histamine 
was not given. In only fair health on 4 ounces of powdered liver daily. 

He was seen for confirmatory study June 2, 1936. Red blood cell count 
3.4 million per c.mm., hemoglobin 80%. Blood smear showed many 
macrocytes and microcytes. Gastric analysis showed no free hydrochloric 
acid after histamine. Ton^e smooth, color lemonish, knee jerks exag- 
gerated, vibratory sense diminished to absent in both anMes. A change to 
parenteral liver brought the red count above 5.0 million per c.mm. promptly. 
He is still well and active mth a red blood cell count above 5.0 million per 
c.mm. on 1 cc. of liver concentrate every 7 days. 

Case 5.— Mrs. L. N. B,* sister, aged 66 (1939). Onset of sjmiptoms at 64. 
Diagnosis established August, 1938. The followng data obtained by cor- 
respondence: On July 22, 1938, the red blood cell count was 3.4 million per 
c.mm., hemoglobin 81%, and a gastric analysis showed an absence of free 
hydrochloric acid ; no histamine. On August, 18, 1938, the gastric analysis 
was repeated and showed no free hydrochloric acid after histamine. The 
red blood count, repeated on this date had dropped to 3.0 million per c.mm., 
hemoglobin 80%. Blood smears forwarded from the local laboratory 
showed many well-filled macrocytes and a few microcytes. She had been 
receiving medical attention since 1937 for paresthesias of the hands and 
feet. By December, 1938, her general condition was much worse; she was 
placed on parenteral liver therapy and is now (June, 1939) much improved. 

Note: Mrs. J. C. C. (No. 38035, sister), aged 65 (1939). Reported for study on 
March 31, 1938. Nothing suggestive of pernicious anemia subjectively or objec- 
tively. Red blood cell count was 4.7 million per c.mm., hemoglobin 86%. The blood 
smear was normal in appearance. Gastric analysis showed an abundance of free 
hydrochloric acid without histamine. 

Note. — E. R. L., brother, living in Nevada, aged 50. Neither the author nor the 
other members of the family, who have been most cooperative during the 5 years of 
this study, have been successful in persuading him to submit to examination. 

Two Cases in Each of Five Families. 

Case 6. — A. 0. T. (No. 18394, seen here), aged 32 (1939). Onset of 
symptoms at 24. Diagnosis established January, 1931. Red blood cell 
count 1.7 million per c.mm., hemoglobin, 50%. Repeated gastric analyses 
have failed to show free hydrochloric acid after histamine. Relapse in 
June, 1932, red blood cell count 1.5 million per c.mm., hemoglobin, 37%. 
Relapse in 1935, red blood cell count 1.4 million per c.mm., hemoglobin, 
32%. In 1935 he showed marked objective evidence of combined sclerosis. 
He responded well to liver therapy at the time of each relapse. Since 1935 
arrangements have been made so that he obtains parenteral liver regularly. 
He works, slightly handicapped by his cord changes. 

Case 7. — Mrs. C. T. T. (No. 5669, seen here, mother of A. 0. T.), aged 
67 (1939). Onset of symptoms at 63. Diagnosis established September 9, 
1936. _ Red blood cell count 1.9 million per c.mm., hemoglobin, 30%. 
Gastric analysis showed no free hydrochloric after histamine. Vibratory 
sense in the ankles was absent. Roentgen-rays of the stomach and colon 
showed no evidence of malignancy. She made a typical therapeutic response 
to liver extract. In only fair health since, she is irregidar about her liver and 
the red blood cell count is rarely well up. 

* Information through the courtesy of Dr. A. J. Lewis, Henning, Minn., and 
Mildred Nichols, R.N., Wadena, Minn. 
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Tliree years before the establishment of the diagnosis she was seen with 
the complaint of fatigability; red blood cell count then was 3,3 million 
per c.mm.; hemoglobin, 58%. Diagnosis confirmed in 1937 by Dr. L. J. 
Meienberg, Portland, Oregon. 

Case 8. — Mrs. D. A. S. (No. 13568, seen here), aged 48 (1939). Onset 
of sjnnptoms at 39. Diagnosis established in January, 1930. Gastric 
analysis showed no free hydrochloric acid after histamine. Subjective symp- 
toms of numbness of the hands and feet. Blood smears showed a picture 
compatible mth pernicious anemia. Carried on oral liver until relapse in 
1936; moderate spinal cord changes. Lowest red blood cell count 3.0 mil- 
lion per c.mm.; hemoglobin, 60%. Therapy complicated by the presence 
of myxedema. Typical therapeutic response to larger than usual doses of 
liver. Maintained in good health at about 5.0 million red blood cells per 
c.mm. on 5 cc. of liver extract each week up to the present time. 

Case 9.— L. H. B.* (No. 16509, brother of Mrs. D. A. S), aged 65 (1939). 
Minimum red blood ceU count report showed 2.6 million per c.mm. After 
the first use of liver extract a count was obtained on October 27, 1938, 
which showed 3.4 million per c.mm.; hemoglobin, 80%. Blood smear was 
perfectly compatible with pernicious anemia. The gastric anal 5 ^sis showed 
no free hydrochloric acid after histamine. 

Case 10. — R. M. (No. 38075, seen here), aged 71 (1939). Onset of symp- 
toms at 69. Diagnosis established in March, 1938. Red blood cell count 
4.6 million per c.mm.; hemoglobin, 88%. The blood smear showed many 
macrocytes and microcytes and in other features was entirely compatible 
with pernicious anemia. In spite of the high red blood cell count, there 
was evidence of advanced spinal cord involvement; total absence of vibra- 
tory sense in both ankles and a strikingly abnormal gait. The gastric 
analysis showed no free hydrochloric acid after histamine. He refused 
treatment for a month during which time he became unable to walk. Re- 
sponded slowly but steadily to large doses of parenteral liver daily for many 
weeks. At present, he is in good health except for some residual dis- 
turbances and gets about actively without the use of a cane. His mainten- 
ance dose is 3 cc. of liver concentrate derived from 100 gm. of liver, every 
5 days. 

Case 11. — J. J. M.,t (brother of R. M.), seen in February, 1925, in the 
Jefferson Medical School Hospital on account of a sore mouth and pares- 
thesias of the extremities. Red blood cell count 2.2 million per c.mm.; 
hemoglobin, 52%. Roentgen-raj^s of the stomach led to an exploratorj' 
operation which disclosed no malignancy. Red blood cell count 2.2 mil- 
lion per c.mm.; hemoglobin, 57% in July, 1925. Total absence of free 
hydrochloric acid in the gastric analysis (histamine was not used). He was 
not seen after July, 1925. He became helpless and died of “anemia and 
paralj'sis” about a year later. No liver therapy. 

Case 12. — Mrs. L. M. C. (No. 36653, seen here), died Januar}'^, 1938, at 
the age of 71, of cardiovascular disease. Onset of symptoms at 66. Diag- 
nosis established in 1932 at the Mayo Clinic. Records available show fairly 
satisfactory maintenance through 1935, following which she had no medical 
attention until she was admitted to the hospital on September 28, 1937, 
with a red blood cell count of 1.4 million per c.mm.; hemoglobin, 46%. 
Prompt response to heaA'y dosage of parenteral liver brought the blood to 
4.0 million per c.mm.; hemoglobin to 84%. Maximum reticulocjde re- 
sponse 40%. Vibratorj' sensation was absent in the ankles. 

Case 13.— H. G. B.t (brother of Mre. L. M. C.), aged 62 (1939). Onset 
of s 3 Tnptoms at 57. Diagnosis established at the Countj’ Hospital, Los 
Angeles, at time of relapse. Blood data not available. He made the 

* Verification through the courtesy of Dr. H. W. Pfeiffer, La Mesa, California. 

t Verification through the courtesy of Dr. E. J. G. Beardsley, Philadelphia. 

$ Verification through the courtesy of Dr. J. M. Askey, Los Angeles. 
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typical response to oral liver, on large doses of which he has done well for 
5 years. Examination on April 10, 1939, showed an absence of vibratory 
sense in both ankles with increased patellar jerks. 

Case 14.— Mrs. C. A. B. (No. 04431, seen here), aged 66 (1939). Onset 
of symptoms in 1928. Diagnosis established August, 1928. Red blood 
cell count, 2.1 million per c.mm.; hemoglobin, 70%. Liver and powdered 
liver extract orally gave unsatisfactory maintenance and disabling spinal 
cord changes by 1932. Histamine achlorhydria. Improved since, with 
red blood cell count maintained above 4.5 million per c.mm. on 3 cc. liver 
concentrate every 7 days. 

Case 15. — J. S.* (brother of Mrs. C. A. B.), aged 63 (1939). Onset of 
symptoms in 1926. Diagnosis established in June, 1927, at the University 
Hospital, Ann Arbor, Mich. Red blood cell count, 2.4 million per c.mm.; 
hemoglobin, 49%. Typical response to whole liver. Histamine achlor- 
hydria. Well and active since on diet of whole liver. Red blood cell 
count in April, 1938, 4.9 million per c.mm.; hemoglobin, 96%, at the 
Simpson Memorial Institute. 

Comment. — MeulengrachU pointed out the difficulties inherent 
in any study of the familial incidence of this disease; difficulties due 
to errors in diagnoses, to the scattering of families, and to the de- 
velopment of the disease late in life. Five years were required to 
obtain the data on the few cases reported here and the data had to 
be obtained from widely separated geographical points (Philadel- 
phia to Los Angeles). The mother of the son who developed the 
disease at age 24 did not herself develop the disease until age 63; 
her death at age 60 of pneumonia would have excluded these cases 
from the study. The physician in practice can best follow several 
generations of a family and he is, therefore, in an enviable position 
for the accumulation of data. 

The practical value of an appreciation of the true familial inci- 
dence of the disease is as great as in diabetes mellitus. It justifies 
anticipatory studies which should lead to the earlier recognition of 
the disease, especially in those cases in which “diagnostic” blood 
changes lag well behind spinal cord changes. 

Summary. 1. A pernicious anemia family is reported with 5 
authenticated cases in one generation. 

2. Two cases are reported in each of 5 other families. 

3. In this small series of cases the percentage of familial incidence 
is 18.7 % which approaches the 18% found by Castle and Minot. 

4. It is suggested that the true incidence is higher and that an 
appreciation of the familial incidence has definite practical value. 
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PATHOLOGIST OF ROTAL VICTORIA HOSPITAL; ASSISTANT PROFESSOR OF PATHOLOGY, 

MCGILL HinVERSITy, 

AND 

H. Lamontagne, M.D., C.M., 

ASSISTANT DEMONSTRATOR IN PATHOLOGY, MC GILL UNIVERSITY, 
MONTREAL, CANADA. 

(From tlie Department of Pathology, Pathological Institute, McGill University and 
the Royal Victoria Hospital.) 

In 1935 the senior author^ reported studies on a case of pernicious 
anemia in an individual having hereditary hemolytic jaundice. It 
was pointed out that in spite of the presence of the pernicious anemia 
the erythrocytes maintained the relatively small diameter and 
spherical shape of hemolytic jaundice. Following liver therapy, 
marked improvement occurred and all evidence of pernicious anemia 
disappeared. However, the characteristic features of hemolytic 
jaundice have persisted and are uninfluenced by the therapy. On 
two occasions since his discharge from the hospital the patient has 
neglected to take his liver extract and a recurrence of the pernicious 
anemia has taken place, but in each case improvement followed a 
return to adequate treatment. Because of the age of this patient 
(67) it has not been considered advisable to recommend splenectomy. 

At the time this study was reported, blood studies were carried out 
on 3 of his children and hemolytic jaundice was found to be present 
in 1 son, then 32 years of age. This individual showed no evidence 
of pernicious anemia and gastric analysis revealed free hydrochloric 
acid. The spleen was large, extending 10.5 cm. below the border 
of the ribs, and he was advised to have it removed. He would not 
consent, however, and his health was not markedly disturbed by 
the condition. In the interval he has remained quite well, but re- 
cently a severe exacerbation brought him to the hospital and consent 
was obtained to proceed with the splenectomy. As opportunity 
was thus given to make detailed studies on a case of hereditary 
hemoljdic jaundice which had been under observation for some time, 
special examinations were carried out. Because of the more precise 
methods in estimating hemolysis of the erjflhrocytes and bilirubin- 
emia made possible by the use of the Evelyn photoelectric colorim- 
eter, certain new facts were brought out by these studies and it is 
the purpose of this communication to present them to the literature. 

Clinical History The patient was admitted to this hospital on Jan. 3, 
1939, with complaints of; 1, increasing jaundice of 4 days’ duration; 2, 
pain in the left side of the abdomen and left shoulder continuousl}’' for 
4 days; and 3, vomiting on 1 occasion 4 days prior to admission. The 
patient complained that the pain in his left side and left shoulder was worse 
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upon lying down flat. He had noticed that his jaundice appeared to be 
deeper at intervals ranging from 10 days to a month over a period of many 
years, also that any slight infection, especially of the upper respiratory 
tract, made it more pronounced. He had never had an attack associated 
with pain in the left shoulder and left side of the abdomen previous to the 
one from which he was suffering. 

Physical examination revealed temp. 100.6° F., pulse 112, respirations 
22 per minute. Blood pressure 132/75. There was a moderate degree of 
jaundice. The abdomen was slightly distended. The liver was palpable 
2 finger-breadths below the costal margin. The spleen was 3 finger- 
breadths below the costal margin and was exquisitely tender. Physical 
examination was otherwise negative. Roentgen rays of the chest and 
abdomen revealed gross enlargement of the spleen, slight elevation of the 
left diaphragm with left diaphragmatic pleuritis. A diagnosis of familial 
hemolytic jaundice, left diaphragmatic pleuritis and upper respiratorj"- 
infection was made. 

Clinical Notes and Progress. On admission to the hospital on January 3 
the patient was in the midst of a severe attack of jaundice. This gradually 
subsided, with clinical improvement of the patient, until Feb. 3, 1939, at 
which time he suffered a recurrence of the upper respiratory infection and 
an accompanying increase in jaundice. There was gradual clinical improve- 
ment with subsidence of the upper respiratory iiffection and decrease in 
symptoms until the time of operation. 

The patient's spleen was removed on February 10. FoUo\vmg operation 
there was a marked increase in upper respiratory S3nnptoms but a definitely 
progressive improvement in jaundice and relief of pains. He was dis- 
charged on March p, at which time jaundice had completely disappeared 
and there was no evidence of infection. Follow-up examination on April 21, 
1939, showed the patient to be free of jaundice and to have gained 20 pounds 
in weight since discharge from the hospital. 

Pathologic Examination. The spleen was large (1750 gm.) and markedly 
hemorrhagic in appearance. There was a large subcapsular hematoma at 
the upper_ pole. The capsule was densely thickened by fibrous tissue. 
Microscopic examination showed the pulp to be stuffed with blood while 
the venous sinuses were collapsed. The spleen was therefore typical of that 
found in hereditary hemolytic jaundice. 

Hematologic Examination (first, Feb., 1937). Bilirubinemia. At that time 
he appeared to be suffering from one of the exacerbations of jaundice to 
which he was subject. The blood bilirubin at that time showed a total 
bilirubin of 28 units van den Bergb. The prompt direct van den Bergh 
reaction was negative; the delayed direct reaction was strongly positive. 
Photoelectric determinations were unfortunately not available at that time. 

On admission to the hospital, January 3, 1939, the patient was again in 
the midst of a severe attack of jaundice. At that time the total bilnaibin- 
emia, as deteimined by the method of Malloy and Evelyn,^ was 11 mg. per 
100 cc., of which 2.31 mg. gave the direct reaction. The direct reaction was 
51% complete at the end of J minute and 100% complete at the end of 
10 minutes. 

Following hospitalization the patient showed considerable improvement, 
with decreasing bilimbinemia (see Chart 1), so that 18 days after entering 
hospital the total bilirubinemia had reached 3.9 mg. per 100 cc., of which 
0.73 mg. was present in the direct reaction. This was 51% complete at 
the end of minute and 85% complete at the end of 10 minutes. 

On February 3, the patient suffered an exacerbation of his jaundice, 
accompanied by an increase in the size of the spleen and corresponding 
increase in the pains in the left side of his abdomen and left shoulder. On 
the thirtieth day after admission the total bilirubinemia was 6.5 mg., of 
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which 0.81 mg. gave the direct reaction. This was 51% complete at the 
end of I minute and 84% complete at the end of 10 minutes. 

Following this episode there was a period of clinical improvement and 
on the day preceding operation the patient showed a total blood bilirubin 
of 4.8 mg. per 100 cc., of which 0.68 mg. was direct bilirubin. The direct 
reaction was 17% complete at the end of 5 minute and 93% complete at 
the end of 10 minutes. 



Splenectomy was performed on Februarj’’ 11. Two daj's later the 
bilirubinemia had dropped to 2.6 mg. per 100 cc., of which 0.91 mg. was 
direct bilirubin. The direct reaction was 31% complete at the end of 
i minute and 88% complete vnthin 10 minutes. 

Following this thfe bilmbin dropped rapidly so that 6 daj's after operation 
the total bilirubin was below 1 mg.; 9 days after the total bilirubinemia 
was close to normal limits. Jaundice disappeared clinically at the same 
time and has not recurred. Thirty-four daj's after operation the total 
bilirubin of the blood was 0.68 mg., of which 0.33 mg. was contained in the 
direct reaction. The immediate direct reaction was negative at i minute 
and 33 % complete at the end of 10 minutes. 

As has been recognized for some time, our findings show that this 
]ijT>erbilirubinemia of hemob’tic jaundice is due principall.i’ to the 
large amount of bilirubin in the circulating blood giving the indirect 
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reaction. The finer details of the photoelectric method reveal, 
however, that there is an appreciable inerease in the direct-reacting 
bilirubin which rises somewhat in exacerbations but tends to main- 
tain a fairly eonstant level of approximately 0.7 to 0.9 mg. per 100 cc. 
Following splenectomy there occurs a precipitous fall in indirect 
bilirubin with an accompanying slight rise in the direct bilirubin. 
Finally, after the total bilirubin has reached a figure of about 1 mg. 
the two types gradually fall together to essentially normal levels. 

Red Blood Cell Fragility. Studies in the fragility of the erythro- 
eytes to hypotonic solutions of salt were carried out, using the 
recently published method of Waugh and Asherman.^ By this 
method the resistance of the cells may be expressed either as an 



Chaht 2. — Hereditary hemolytic jaundice. Index of hemolysis (before and after 

splenectomy) . 


index, which has a normal range from 350 to 450 and which falls 
as low as 250 in cases with lessened, and as high as 750 in increased 
fragility, or as a so-called hemolygram in which a chart expressing 
the character of the curve of resistance throughout the different 
concentrations is employed. 

The index of hemolysis in this case was found to be consistently 
well above normal limits (Chart 2) and at a relatively constant 
level, which tended to fall slightly following operation but subse- 
quently rose to its previous figure. It is well knovm that splenec- 
tomy produces an increase in the resistance even in normal indi- 
viduals (accident cases), so this fall is rather to be expected. It is 
noteworthy, however, that the increased fragility persists even 
though the excessive destruction of the erythrocj4;es ceases when 
the spleen is removed. 

By the use of the hemolygram (Chart 3), an interesting change in 
the character of the fragility curves before, as compared with those 
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after operation, was disclosed. It will be noted that during the 
preoperative period the curve becomes distinctly irregular in the 
higher concentrations, due to the presence of a number of cells which 
hemolyzed in the higher, even isotonic solutions. This feature, 
which was persistent before, however, completely disappeared after 
operation and the curve then became quite regular and similar to 
the normal, though displajdng a distinct shift of position toward an 
increased fragility. 

Percentage 

Hemolysis. 



Chaht 3. — Hereditary hemolytic Jaundice. Hemolygram. 


Removal of the spleen evidently caused the disappearance from 
the blood of a certain percentage of extremely fragile cells, while the 
great majority of the erjilirocytes remained as before. As the 
reticulocytes tend to decrease after operation, one might surmise 
that they are the forms concerned. Such an opinion does not agree 
with the generally accepted view that reticulocytes are not unusually 
fragile. "i^Tiile we are unable to explain this peculiar change, we 
cannot help but feel that it may be of considerable significance and, 
if it is found to be present in other cases of this disease, maj’’ even 
be considered as a possible explanation of the beneficial effect of 
splenectomy. 
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Red Blood Cell Diameter. Studies of the diameter of the erythro- 
eytes were made by a specially constructed apparatus whereby the 
cells are projected at a magnification of 5000 onto a ground glass 

Number 

ofCeUs 



Chaht 4. — Hereditary hemolytic jaundice. Price-Jones curves. Mean corpuscle 
diameters of individual cells in 0.1 microns. Arrows indicate computed average cor- 
puscle diameters. 


plate. The maximum and minimum diameter of 500 cells are 
recorded and from this a so-called Price-Jones curve is constructed 
and the average diameter computed. In Chart 4, several of these 
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curves are shown together with a normal for comparison. It will 
be noted that on February 10, just prior to splenectomy, the average 
diameter of the erythrocytes was 6.44 microns, in contrast to the 
normal of 7.8 microns. The lowness of the peak and the great 
spread of the base of the curve show graphically the marked aniso- 
cytosis which was present. Following splenectomy, the average 
diameter first rose to 7.2 microns with, however, still marked varia- 
tion in the size of the elements. This was during the period of 
temporary lowering of the fragility and quite probably indicated 
an appearance of flattening, less spherical but not necessarily larger 
erythrocytes. There then occurred, with improvement in the ane- 
mia, a shift to cells of smaller but more uniform diameter and with 
this an increase in the fragility. At the time of the patient’s dis- 
charge from the hospital, the peak of this curve had reached essen- 
tially the same height met with normally. 

Red Blood Cell Emmeraiions. Previous to splenectomy the red 
blood cell count had never exceeded 3,800,000 on any occasion. 
Following splenectomy the red blood cell count increased gradually 
until on the thirty-second day after operation it reached 4,700,000 
per c.mm. of blood. 

Hemoglobin Determinatioiis. Hemoglobin was measured by the 
photoelectric colorimeter with 15.6 gm. per 100 cc. taken as equiva- 
lent to 100%. Before operation the figures varied between 54 and 
68%. The lower readings were encountered as would be expected 
during exacerbations when the bilirubinemia was high. Following 
splenectomy there occurred a quite steady rise to 96% at our last 
examination (Chart 5). At all times the hemoglobin concentra- 
tion, i. e., the relation of hemoglobin to corpuscle material, was at a 
high figure. 

Corgniscle Vohimc and Average Corpuscle Volume. Previous to 
operation the corpuscle volume had never exceeded 34% of the total 
blood volume. Following operation there was a gradual and steady 
increase in corpuscle volume, paralleling the increase in hemoglobin 
and red cells, up to 45% of the total blood volume (Chart 5). 

The average corpuscle volume previous to operation, determined 
from a moderately large number of observations, was 90 cubic 
microns. This figure is slightly lower than normal (95 cubic microns) 
but relatively high considering the small diameter of the cells. This 
peculiarity of the erytlirocytes in hemolytic jaundice is well recog- 
nized and has led to the use of the term spherocytes, indicating a 
cell of spherical, rather than biconcave shape. This alteration of 
shape is now generally accepted as the explanation for the increased 
fragility. After splenectomy the average corpuscle volume fell 
somewhat but the general spherical character of the cells was 
preserved. 

Reticulocyte Counts. Reticulocyte counts done before operation 
showed levels often as high as 15%, and never below 1 % of the 
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total red blood cells. Following operation, the reticulocytes in the 
circulation rapidly decreased so that within 12 days they had 
reached normal levels or less than 1%. Thus, as has often been 
shown before, with the cessation of abnormal blood destruction 
after splenectomy, hurried regeneration and the discharge of many 
immature erythrocytes into the blood stream no longer occur. 



Date. 5 10 16 20 25 30 4 9 14 19 24 1 6 11 16 

January February March 


Chart 5.— Hereditary hemolytic jaundice. Hemoglobin, corpuscle volume and 

reticulocyte count. 


Platelet Counts. Enumeration of the thrombocytes carried out 
during the period preceding operation showed the platelets to vary 
between 135,000 and 330,000 per c.mm. of blood. On the fourth 
day following splenectomy the count reached 610,000 per c.mm., a 
definite elevation above normal. This elevation persisted for 
1 month, at the end of which time it gradually fell to normal. 

Leukocyte Counts and Differential Leukocyte Counts. Prior to 
operation the blood showed a constant leukocytosis of around 9000. 
This was due to an increase in the myeloid elements. Following 
splenectomy there was a sharp rise to 40,000 due to the pouring 
into the blood of neutrophils, eosinophils and monocytes. This 
gradually fell off until by Maych 1 it again reached 9000, which level 
has been maintained. Such a moderate persistent increase in the 
white blood cells is usual following removal of the spleen. 

Study of the Blood Serum to Determine the Presence or Absence of 
Hemolysins. Previous to operation an attempt was made to deter- 
mine the presence of hemolysins in the blood serum of the patient, as 
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suggested by Dameshek and Schwartz^ in their article on acquired 
hemolj’tic jaimdice. 

The technique of the investigation was as follows: The patient’s 
blood was allowed to clot for at least 4 honrs and the serum with- 
drawn. Increasing dilutions from 1 to 2 to 1 to 2048 were made 
up in 11 tubes. A suspension of red blood cells from the patient 
and other sources, as mentioned below, was prepared by washing 
the red cells three times in saline and making up a saline suspension 
containing 1% red blood cells. Titrations were carried out with 
the above dilutions of serum in 0.5 cc. amounts, to which were 
added 0.5 cc. of the red blood cells suspension. 

Repeat titrations were carried out using serum which had been 
heated to 56° C. for 30 minutes. To this was added an excess of a 
solution of complement of known potency. Readings of all titra- 
tions were made after incubating the titration for 2 hours at 37°; 
secondly, after IS hours in the refrigerator and, thirdly, after rein- 
cubating the tubes at 37° for 2 hours. 

The patient’s cells were determined to be T\'pe O (Landsteiner), 
and therefore contained no agglutinogens; whereas the patient’s 
serum was assumed to contain agglutinins A and B. For this 
reason the patient’s serum could be tested against other T>q)e O 
cells for hemol.^’tic action upon them. This was carried out as 
above described. Control experiments were done, using Tjqje 0 
cells and serum containing agglutinins A and B from other indi- 
viduals than the patient. 

Experiment 1. Here the patient’s own serum was tested against 
the patient’s washed cells. No hemolysis occurred in any dilution 
in any of the three readings. 

Experiment 2. The patient’s serum, heated to 56° for 30 min- 
utes was tested against tlie patient’s washed cells, excess comple- 
ment in the form of diluted guinea pig serum being added. No 
hemolysis occurred in any tube in any of the three readings. 

Experiment 3. The patient’s serum was tested against TA-pe O 
cells which previously had shown no signs of agglutination witli the 
patient’s serum, to obviate any error tliat might arise from using 
cells which might contain agglutinogens not tested for with the 
routine serum. There was no evidence of any hemolysis in any of 
the three readings in any of the tubes. 

Experiment 4. The patient’s serum, heated to 56° C. for 30 
minutes was tested against T^pe O cells which fulfilled the cliarac- 
teristics sought in Experiment 3. Excess complement was added 
to each tube. No hemolysis occurred in any of the tubes on any 
of the three readings. 

Experbient 5. T\pe 0 cells were tested against the senim from 
the same individual, not the patient. No hemolysis occurred in any 
tube. 

Our experiments, therefore, failed to demonstrate the presence 
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of any hemolysin which could be brought into causal relation with 
the excessive destruction of the erythrocytes which was present. 

Summary. Special detailed hematologic studies carried out in a 
case of hereditary hemolytic jaundice before and after splenectomy, 
besides substantiating many well-known facts, reveal: 

1. The direct-reacting bilirubin of the blood plasma tends, in 
contrast to the indirect-reacting portion, to maintain a relatively 
constant level, even during exacerbations; rises slightly immediately 
following splenectomy and then falls when the total bilirubin reaches 
1 mg. per 100 cc. to normal levels. 

2. The hemolytic index of the erythrocytes is not appreciably 
altered by splenectomy except for a temporary slight fall imme- 
diately following operation. 

3. There are present in the circulating blood before operation a 
small percentage of extremely fragile cells, and these disappear after 
splenectomy, though the vast majority of the cells are apparently not 
altered in their behavior to hypotonic salt solution. 

4. No hemolysins for the patient’s own cells or cells of a like group 
are present in the plasma. 
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There are, in general, three types of hemostatic agents: those 
that act by decreasing the blood flow, those that promote repair of 
diseased blood-vessels, and tliose that increase the coagulability of 
the blood. In effective dosage, many of the substances of the third 
group cause toxic reactions, induce necrosis, or produce widespread 
intravascular coagulation. 

When contemplating the use of a blood-coagulating substance, 
it is important to know the answers to tliree questions: Is the 
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substance safe to administer? How effective is it in vivo? Wliat 
is its potency in vitro? This paper deals with the biologic assay of 
the potency of a group of commercially available substances pur- 
porting to increase the coagulability of the blood. 

It can be shown experimentally in vitro that the coagulation of 
the blood does not take place according to the law of mass action. 
The coagulation of the blood cannot be accelerated by the indis- 
criminate addition of an excess of any of the basic substances in- 
volved in the reaction. Only those substances that increase the 
concentration of thrombin or supply a thrombin-like element serve 
to increase the speed of blood coagulation. 

According to Morawitz, the present generally accepted hypothesis 
of the mechanism of blood coagulation is based on the following 
reactions: 

1. Prothrombin + thromboplastin -f- calcium thrombin 

2. Thrombin -f fibrinogen — ^ fibrin 

Thromboplastin. The addition of thromboplastin to blood will 
shorten the clotting time. Until a certain limit is reached, the 
decrease in coagulation time is proportional to the concentration 
of thromboplastin. This is due to the more rapid conversion of 
prothrombin to thrombin. When all of the prothrombin has been 
converted to thrombin, the addition of further thromboplastin will 
not shorten the coagulation time. 

Calcium. According to Crane and Sanford,® the concentration of 
calcium in whole blood may be varied between wide limits without 
altering the coagulation time. Aggeler and Lucia*’® have demon- 
strated an optimum concentration for the recalcification of oxalated 
plasma. The salutary effect of calcium in obstructive jaundice is 
not due to any direct effect of calcium on the blood-coagulation 
mechanism but may be due to improvement in the function of the 
liver. 

Prothrombin. Quick*® showed that the coagulation time of pro- 
thrombin-deficient plasma (when thromboplastin is present in excess) 
is prolonged in proportion to the degree of prothrombin deficiency. 
The addition of prothrombin to prothrombin-deficient plasma will 
restore the prolonged coagulation time to normal. 

Fibrinogen. Mills*® advanced the following hypothesis of the 
mechanism of blood coagulation in wounds: Blood fibrinogen + 
calcium tissue fibrinogen — » fibrin. This work has, however, 
not been substantiated.® Smith and his co-workers,*® Davison^ and 
Quick** working with solutions of purified tissue fibrinogen could 
not verify IMills’ conclusions. According to the literature, the 
source and concentration of fibrinogen have little influence on the 
clotting time. In its effect on blood coagulation, there is no essen- 
tial difference between blood fibrinogen and tissue fibrinogen. The 
addition of purified fibrinogen to normal plasma does not increase 
the speed of coagulation. 
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The addition to blood of different varieties of snake venom will 
shorten the coagulation time. Eagle® has shown that the coagula- 
tive action of these venoms is probably due to their content of pro- 
teolytic enzymes. Some of these enzymes convert prothrombin to 
thrombin, and some convert fibrinogen to fibrin. Some types of 
venoms contain both enzymes. 

Material Studied. The coagulative potency of 17 commercially 
available products for hastening the process of blood coagulation 
was tested. These included two varieties of snake venom, five 
thromboplastin solutions for local or oral administration, five throm- 
boplastin solutions for hypodermic use, one tissue fibrinogen solu- 
tion for oral use, one tissue fibrinogen solution for hypodermic use, 
one substance derived from bovine blood for oral, local or hypo- 
dermic use, and two types of refined horse serum for hypodermic use. 

The two venoms studied were the Fer-de-lance {Bothrops atrox) 
and Russell viper (Daboia nissellii). The Fer-de-lance venom is 
dispensed as a 1 to 5000 solution. The Russell viper venom is 
dispensed as a powder, 0.1 mg., to which is added 1 cc. of solvent, 
resulting in a 1 to 10,000 solution. 

The five thromboplastin solutions were derived from bovine brain. 
Those intended for local or oral use are made by the method of 
Hess,® slightly modified. They consist of tissue fluids containing 
finely ground particles suspended in physiologic saline. The throm- 
boplastin solutions for hypodermic administration are made by dilu- 
tion, after removal of coagulated proteins and particulate matter, 
of the material used in the preparation of the local or oral product. 

Both the tissue fibrinogen preparation for oral use, and that for 
hypodermic administration are stated to contain 0.5% cephalin 
and 1.5% tissue fibrinogen, and are derived from beef lung. 

The bovine blood derivative is made by a complicated process of 
extraction with lipoid solvents. It is stated to contain “certain 
natural coagulating elements necessary for clotting the blood.” 

The coagulative action of the two types of horse serum is stated 
to depend upon the content of thromboplastin. Both have been 
concentrated and refined so as to reduce their protein content. 
“The protein has been totally removed” from Product 16, and the 
potency of Product 17 has been “ enhanced by the addition of bovine 
testicular extract.” 

For comparative purposes and tests, solutions of thromboplastin 
similar to those recommended* for local, oral and hj’podermic use 
were made from fresh sheep, rabbit, dog, horse and guinea-pig brain. 

Method. The choice of a test plasma is of paramoimt importance. 
Quick*^ has shovTi that thromboplastin is, to some extent, specific for the 
species. Tissue extract of one species, when added to the blood of another 
species, may show only slight tliromboplastic potency; conversely, the 
blood of one species may respond to a lesser degree to tissue extracts of other 
species. Preparations of thromboplastin are less active in human plasma 
than in the plasma of common laboratory animals. Since these agents 
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are intended for use in human subjects, the only valid test of their potency 
must be the degree of their activity in human blood. It is of no practical 
significance that a product will shorten the coagulation time of rabbit blood 
from 15 minutes to 15 seconds if it has httle or no potency in human blood. 
In all of these experiments, human plasma has been used, and this fact 
may account partly for the great discrepancy between our findings and the 
claims made by the manufacturers of these products. 

AH tests were completed mthin 1 hour after the blood was withdrawn. 
It is essential that this time limit be observed, since there is a variable and 
marked prolongation of the coagulation time when plasma has been allowed 
to stand longer. The test materials were kept at 0° C. until used. The 
precautions of Hanzhk and WeidenthaT were observ'^ed. Testing materials 
were discarded mtlun 8 hours after the packages were opened. All test 
materials used were well within their stated expiration dates. Contrary 
to the observations of Quick“ and Hanzlik and Weidenthal,^ Aggeler and 
Lucia^ have demonstrated that an optimum concentration of tluomboplastin 
solution is required in order to induce a maximum shortening of the coagula- 
tion time of the plasma. For this reason we studied all the products 
tlrroughout a wide range of dilution. Specimens of both normal and 
hemophilic plasma •^ere used. Tliree samples of each product were tested. 
Five series of tests of each product were performed with specimens of nor- 
mal plasma, and two series of tests of each product were performed with 
specimens of hemophilic plasma. The final results are expressed as the 
average of each series of tests. 

_ The full strength of each product as dispensed by the manufacturer was 
diluted by serial half-dilutions down to 1/1024 of the original strength. 
The dilutions were made with 0.85% NaCl. One-tenth cubic centimeter of 
each dilution was pipetted into clean 13 by 100 mm. glass tubes. One- 
tenth cubic centimeter of 0.275% CaCl- was added to each, and the tubes 
were placed in a water bath at 37° C. Nine cubic centimeters of blood 
were withdraum from the antecubital vein, mixed quicklj’’ with 1 cc. of 
1.34% sodium oxalate in a test tube and centrifugalized at 2000 r.p.m. for 
10 minutes. The supernatant plasma was transferred to a test tube which 
was placed in the water bath and allowed to stand for 10 minutes before 
being used in the tests. 

One-tenth cubic centimeter of plasma was pipetted into the mixture of 
hemostatic agent and CaCh. The tube was a^tated thoroughly for 5 sec- 
onds and the time of coagulation was noted with a stop watch. The test 
was performed vnth each dilution of hemostatic agent in turn. Control 
tests were performed using only 1/10 cc. 0.85% NaCl in place of the hemo- 
static agent. In order to obtain a satisfactory degree of accuracy, duplicate 
readings were made varjdng in time not more than a few seconds from the 
originals. Most of the agents studied were employed in such concentra- 
tions as to yield, upon dilution, a range of concentrations with optimum 
activity. The actual concentration showing maximum actmt 3 '^ is of much 
less significance than the degree of activity of a substance when present 
in the optimum concentration, and the range of dilutions through which 
that actmtj’’ is distinctly manifested. 

Similar series- of tests were performed*using hemophilic and heparinized 
normal whole blood. The coagulation times of the specimens of hemo- 
philic blood ranged from 45 to 55 minutes. The coagulation times of the 
specimens of normal blood were prolonged to between 45 and 55 minutes 
bj" the addition of 1 unit of heparin* to each 2 cc. of blood. To perform 
the test, 0.1 cc. of a dilution of each liemostatic agent was mixed with 
2 cc- of blood, and the coagulation time was determined bj' the Lee and 
Wliite method. All tests were performed in a water bath at 37° C. Duo 

* Connaught Laboratories — 1000 units per 1 cc. 
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to teclinical difficulties, the same degree of accuracy could not be realized 
when working with whole blood as when working with plasma. However, 
sufficient data were accumulated to demonstrate that the trend of the 
results was similar. Products that were inactive in plasma were inactive 
likewise in whole blood. Products that showed a high degree of coagulative 
potency in plasma were capable of reducing the coagulation time of the 
specimens of whole blood to ^ to 3 minutes. 

Results. The ranges of coagulation time for the saline control 
specimens, with which the following results may be compared, were: 

For normal plasma, 90 to 120 seconds. 

For hemophilic plasma, 400 to 500 seconds. 

1. Thromboplastin Solutions for Local and Oral Administration. 
Products 1 to 5 inclusive are solutions of thromboplastin for local 
or oral use. In all instances, in both normal (Fig. 1) and hemophilic 



PiQ, 1. — The coagulating potency of local throjnboplastin solutions tested with 

normal human plasma. 


plasma (Fig. 2), the range of concentrations showing activity was 
very broad. The shortest coagulation times with normal plasma 
varied between 32 and 52 seconds for the various products. The 
shortest coagulation times with hemophilic plasma varied between 
41 and 90 seconds for these same products. 

2. Fibrinogen Solutions for Oral and for Hypodermic Administra- 
tion. Products 6 and 9, the preparations of tissue fibrinogen for 
oral and hypodermic use respectively, were inactive in every con- 
centration in normal plasma, and showed only slight potency in 
high concentrations in hemophilic plasma. The coagulation time of 
the oral product in hemophilic plasma was 195 seconds, and of the 
hypodermic product 120 seconds w'hen the products were used in 
full strength. Increase in dilution of either product resulted in 
gradual prolongation of the coagulation time. 

3. Sjiake Venoms for Local Administration, (a) Fer-de-lance 
venom. Fer-de-lance venom (Product 7) may be obtained in the 
dry form as a yelloAv amorphous substance. It is soluble slowly in 
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0.85% NaCl and when added to the commercial diluent. It is 
dispensed commercially as a I to 5000 solution, and in this form was 
found to produce a coagulation time of 47 seconds in the I dilution 
in normal plasma (Fig. 4). The coagulation time in hemophilic 
plasma was 57 seconds when the product was used in full strength 
(Fig; 5). A 1 to 5000 solution of the venom freshly mixed in the 
commercial diluent in our laboratory gave a coagulation time of 
21 seconds in the j dilution in normal plasma, and of 31 seconds in 



Fig. 2. — The coagulating potency of local thromboplastin solutions tested with 

hemophilic plasma. 


the I dilution in hemophilic plasma. A 1 to 5000 solution of the 
venom in 0.85% NaCl in full strength gave a coagulation time of 
12 seconds in either hemophilic or normal plasma. The commercial 
diluent in full strength was found to be slightly anticoagulant, 
prolonging the coagulation time to 170 seconds in normal plasma. 
The anticoagulative action of the commercial diluent and changes 
due to ageing in solution probably account for the decreased potency 
of the commercially dispensed solution as compared to venom 
freshly mixed in 0.85% NaCl. 
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(6) Russell’s viper venom. Dried Russell’s viper venom (Prod- 
uct 8) is readily soluble botli in the commercial diluent and in 
0.85% NaCl. Parallel tests with either diluent gave almost identi- 
cal results. When the product was used in full strength, the coagu- 
lation time was 30 seconds in both normal and hemophilic plasma 
(Figs. 6 and 7). In both instances the range of concentrations 
producing activity was broad. 



Fig. 5. — The coagulating potency of Fer-de-lance venom tested with hemophilic 
I plasma. 


4. Sohdions of Thromhoplastin for Hypodermic Administration, 
Products 11 to 14 inclusive are either clear, colorless solutions or 
turbid colloidal suspensions containing a small amount of finely 
dispersed particulate matter. All of these products were found to 
be inactive in normal plasma. Products 11 and 13 were studied 
also in hemophilic plasma and found to be inactive. Product 10 is 
a turbid colloidal suspension containing gross tissue particles. It 
was found to produce a coagulation time of 54 seconds in the J and y 
dilutions in normal plasma, and of 64 seconds in hemophilic plasma. 
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6. Horse Sera. These sera, Products 16 and 17, were inactive in 
normal plasma. The effect of Product 17 on hemophilic plasma was 
studied. There was slight coagulative activity in high concentra- 
tions when used in full strength, giving a coagulation time of 
154 seconds. 

7. Solutions of Thrombopkistin for Local Use Derived From the 
Brains of a Variety of Species. Local solutions of thromboplastin 
derived from the brains of the horse, dog, rabbit, sheep and guinea- 
pig were made bj"- the manufacturer of Product 2 (a thromboplastin 
solution for local use derived from calf brain). The shortest 
coagulation times in normal plasma for the various products were as 
follows: horse, 24 seconds; dog, 25 seconds; calf, 34 seconds; rabbit, 
37 seconds; sheep, 90 seconds; and guinea-pig, 113 seconds. In 
hemophilic plasma the shortest coagulation times were: horse, 
26 seconds; dog, 29 seconds; calf, 41 seconds; rabbit, 36 seconds; 
sheep, 135 seconds; and guinea-pig, 395 seconds (Figs. 8 and 9). 

The products derived from horse, dog, calf and rabbit brain main- 
tained their coagulative activity throughout a very wide range of 
concentrations. The solutions derived from sheep and guinea-pig 
brains were highly anticoagulative in high concentrations, and in 
no concentration was any coagulative activity demonstrable in 
normal plasma. In hemophilic plasma, the product derived from 
sheep brain, upon dilution, showed moderate coagulative activity, 
while that derived from guinea-pig was inactive. 

8. Solutions of Thromboplastin- for Hypodermic Use Derived From 
the Brains of a Variety of Species. Hj^podermic thromboplastin 
solutions derived from the brains of the horse, dog, rabbit, sheep 
and guinea-pig were made by the manufacturer of Product 12 (a 
solution of thromboplastin for hypodermic use derived from calf 
brain). These solutions were uniformly inactive in both normal 
and hemophilic plasma. 

Comment. All of the commercial solutions of thromboplastin for 
local or oral use are made from bovine brain. They all possess a 
high degree of coagulative potency. However, in view of our find- 
ings, it is apparent that the brain of the dog or horse is a better 
source of material for this tj’pe of preparation. The solutions of 
thromboplastin suitable for hj'podermic administration are uni- 
formly inactive. It is stated that these solutions are produced by 
dilution, filtration and deproteinization of the crude material used 
in the preparation of solutions of thromboplastin for local use. 
Contrary to the popular conception, this is not a concentration or 
extraction of the active coagulative elements contained in the crude 
emulsions. It is possible, by centrifugalization of crude tissue 
emulsions, to obtain turbid colloidal suspensions free of particulate 
matter that are as active through as wide a range of concentrations 
as are the crude tissue emulsions. It is as yet impossible, however, 
to extract, concentrate or refine the actii^e component contained in 
these solutions. 
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Fig. 8. — The coagulating potency of local thromboplastin solutions derived from the 
brains of a variety of species tested with normal human plasma. 
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Quick*^ lias shown that the coagulative potency of both the 
extracted material and the residue after extraction with lipoid sol- 
vents is markedly diminished. For this reason cephaliiij which is 
an ether extract of brain tissue, is inferior as a coagulant to the 
crude aqueous emulsion of brain. Recentl5’^ ChargafF has prepared 
a highly anticoagulative substance from brain tissue by extraction 
with lipoid solvents. 

The fibrinogen products are relatively impotent. They must 
depend for their action upon a small amount of cephalin and traces 
of thromboplastin carried down with the globulin fraction in the 
preparation of fibrinogen. Fibrinogen itself has been shomi to be 
inactive in promoting blood coagulation. Similarly, tlie content of 
thromboplastin in the two sera above mentioned is too small to be 
of any significance in promoting blood coagulation. The derivative 
of bovine blood, altliough it is stated to be an extract of platelets, 
retains none of the coagulative properties of platelets. It is totally 
inactive. With respect to all of these products derived from blood 
or tissue, it is of no intrinsic value whether the material be derived 
from brain, from lung, from testicular tissue, from serum, or from 
whole blood. The degree of its ability to supply a coagulative 
principle is of paramount importance. 

The two snake venoms possess a degree of coagulative activity 
roughly comparable to that of the solutions of thromboplastin for 
local use. 

Of the claims made for the A'arious products, tliose such as tlie 
following are frankly misleading: 

Fibrinogen solution: "The clotting time is reduced 90 per cent.” 

Horse serum: “The coagulant potencj^ is fifteen times tliat of 
normal horse serum.” 

Thromboplastin solution: “(It) is standardized to coagulate 
citrated or oxalated plasma in two minutes or less, a clotting time 
very close to the shortest possible reaction.” 

Thromboplastin solution: “ (It) accelerates the clotting time of 
blood from three to seven times more than any other substance.” 

Fer-de-lance venom: “Judging by the greatest dilution in which 
eacli of these materials is equally effective, (it) has a coagulating 
pow'er 500 times greater tlian 10 per cent tliromboplastin.” 

In order to state that a substance hastens coagulation of blood, 
one should be able to demonstrate tins action in vitro. Yet 9 of 
die 17 products studied were found to be practically inactive 
(Figs. 10 and 11). The only substances that were significantly 
active were crude tissue emulsions and snake venoms, products 
suitable exclusively for local or oral use. Products suitable for 
parenteral administration had no significant potency. In 1919 
Hanzlik and Weidenthal showed that Products 15 and 17 had no 
coagulative action, yet these products are still manufactured and 
used. The need for potent hemostatics is recognized. The use of 
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impotent agents in the forlorn attempt to “do something” Avhen 
confronted with the problem of the bleeding patient should be 
discouraged. 

Smnmary. The coagulative potency of 17 commercially available 
products and of 10 solutions of thromboplastin obtained from the 
brains of various species were tested for their ability to hasten 
coagulation of the blood in vitro. 

Of the 17 commercially available products, 9 were found to be 
practically inactive. The only products found to be significantly 
active were those suitable for local or oral use. 

We acknowledge indebtedness to various manufacturers for generous supplies of 
the products used in this study. 
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During the past 15 years, a great fund of information has accum- 
ulated and a considerable awareness has developed on the subject 
of peripheral vascular disease. Nevertheless, about the same 
number of patients afflicted with such disease continue to be seen 
and they continue to die at about the same rate as formerly. Al- 
though this situation is rather discouraging, one hopeful but as yet 
superficially explored field remains for investigation. That is the 
field of prophylaxis. It is our purpose to call attention to one prac- 
tical and immediately applicable aspect of prophylaxis; namely, 
the elimination of trauma as a factor in production of open lesions 
in extremities afflicted vdth reduced circulation. TOiile taking 
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histories of patients so afflicted we were impressed with the fre- 
quency of antecedent injury. A brief review of the altered physiol- 
ogy of extremities with diminished circulation will enable us to 
understand better what constitutes trauma to them. 

The skin of the extremities constitutes about 60% of the body 
surfaee in man. Body temperature in the normal subject is mostly 
controlled by a delicate adjustment of circulation to this large skin 
surface in response to variations of internal and environmental 
temperatures. This mechanism is the familiar one of vaso-con- 
striction in response to cold and vasodilatation in response to heat. 
Moreover, as a corollary to circulatory regulation of body tempera- 
ture an efficient circulation has two other functions : in cold environ- 
ments it warms the tissues of the limbs; in high environmental 
temperatures, on the other hand, it acts as a cooling system for 
these parts in essentially the same manner as does the cooling sys- 
tem of an automobile engine. But the striking result of occlusive 
arterial disease is to produce a relatively rigid, non-labile circulation. 
Such ah impaired blood flow obviously cannot maintain coolness in 
relatively high temperatures and cannot maintain adequate warmth 
in low temperatures. Consequently excesses of cold or of heat 
easily handled by a normal circulation may be lethal to tissue of 
an extremity afflicted with a rigid circulation. Hence the frequency 
in such extremities of frost-bite from mild exposure to cold and of 
burns from ordinarily harmless therapeutic heat. 

A simple experiment will illustrate this point. The subject was 
a male Greek of 53 suffering from thrombo-angiitis obliterans of 
both extremities. He complained of pain in the feet at night and of 
intermittent claudication in the right calf on walking four or five 
blocks. Moderate diminution of circulation was present on the 
left; marked diminution on the right (Fig. 1). In the experiment 
both feet were enclosed in a heating chamber. Observations of 
environmental temperatures and of skin temperatures of the great 
toes were taken at intervals. At room temperature the right great 
toe was slightly cooler than the left as one would expect. As envir- 
onmental temperature increased the temperature of both great 
toes rose together for a time, but later the temperature of the right 
great toe suddenly rose above that of the left. At the end of 50 
minutes in an environmental temperature of only 104° F. pain in 
the right foot necessitated ending the test. 

Another point in regard to heat should be understood. Freeman®'^ 
has shown that temperatures above normal in the extremities 
increase local tissue metabolism. In other words, warmed tissues 
require increased circulation to bring more oxj'^gen and food and 
they produce more waste products to be carried away. But a rigid 
circulation can not meet such a demand. Consequently, heat 
accelerates death of tissue poorly supplied with blood. It is not 
strange, therefore, that ordinary therapeutic heat, so successfully 
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used for various aches and pains and for inflammatory processes 
in normal individuals, may result in serious burns and rapid exten- 
sion of necrosis when employed on patients with obliterative vas- 

THROMBO-ANGIITIS OBLITERANS 

WHITE MALE, AGED 52 YEARS 

OSCILLOMETRIC READINGS 
ABOVE KNEES 

LEfT Pl&HT 




Fig. 1. — Effects of high cm-ironmental temperatures on extremities with normal and 
with diminished arterial circulation. 


cular disease. An inflammatory process also increases local metab- 
olism, which accounts for the rapidlj' advancing gangrene frequently 
seen when an inflammatory process involves a poorly nourished 
extremity. 
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The increased vulnerability of limbs with deficient circulation 
is further increased by the rapid loss of function of completely or 
relatively ischemic sensory nerves.’ Persons with ischemic extremi- 
ties are very apt to be unaware of temperature excesses which are 
producing injury. It is not unusual for patients using hot soaks of 
feet and legs to relieve the pain due to limited circulation to sustain 
severe burns without experiencing the pain which usually occurs 
with such burning. 

In resum6, physiologic responses to thermal stimuli are altered 
in three ways in ischemic limbs; the warming and cooling functions 
of the circulation are impaired; capacity to cope with increased 
metabolism of warmed or inflamed tissues is diminished; sensibility 
to painful stimuli is lessened. 

Consider mechanical types of injury. It suffices to mention such 
accidental injuries as stubbing the toe and bruising or crushing a 
toe or foot. The onset of many open lesions begin with a blister 
or a corn raised by tight or ill fitting shoes. In a large number of 
patients open lesions follow a visit to a chiropodist or to a physician 
for treatment of corns and of real or alleged ingrowing toenails. 
Pressure is also a frequent source of injury. In the words of Sir 
Thomas Lewis,’ “Much lower pressure than that required to col- 
lapse the main artery will, when exerted directly upon the muscle 
itself, collapse its capillaries and completely arrest the blood flow 
to it. A pressure of 50 or 60 mm. Hg upon skin is known to stop 
all blood flow to it.” He further states that ischemic muscle dies 
in 6 to 8 hours, nerve in 12 to 20 hours and skin in 24 to 36 hours. 
One can readily understand why relatively minor degrees of pres- 
sure on poorly nourished extremities may produce rapid and exten- 
sive necrosis. 

Even improper position of the limb may be injurious. Reid^® 
showed that optimum circulation occurs in an extremity resting 
6 or 8 inches below the heart’s level. Yet most patients are advised 
to elevate their legs on several pillows. The patient, on the other 
hand, in his attempt to escape from pain is frequently seen with 
a cold blue foot hanging out of bed. 

Strong chemicals frequently injure undernourished extremities. 
Chemicals powerful enough to act as germicides may be equally 
deadly to devitalized tissue. Because circulation in these limbs is 
usually not adequate to sustain an inflammatory process, applica- 
tion of chemicals to produce counter-irritation, essentially an 
inflammatorj’’ process, is dangerous. Chemicals such as iodine, 
salicylic acid, phenol and other germicides and counter irritants 
should be used with great caution in peripheral vascular disease. 

Clinical Material. Tables 1 and 2 present clinical data on 40 
patients who were admitted to the hospital for peripheral vascular 
disease during a 6-month period. That such patients constitute 
a serious medical and economic problem is attested by the following 
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facts. In a hospital in which the average patient’s stay is 12 days, 
these averaged 55 days. Based on the United Hospital Fund (New 
York) the average cost for each patient was $303; $12,122 for the 
group. Moreover, during the same period in which 40 patients 
were admitted for peripheral vascular disease, only 9 were admitted 
for perforated peptic and duodenal ulcers and only 33 were operated 
for gall bladder disease. Furthermore, of 52 patients with peripheral 
vascular disease who entered with open lesions more than half 
required amputation and more than half of those having amputa- 

Table 1. — Patients Admitted Primahiey for Peripherad Vascvlar Disease, 
February 1 to August 1, 1938. 

Male 31 Female 9 Total 40 


Age distribution; 

Decade . . 3d 4th 5th 6th 7th 8th 

Male ... 1 1 4 9 12 4 

Female .... 1 2 1 3 2 

Total ... 1 2 6 10 15 6 

Diseases; 

Thromboangiitis obliterans 7 

Occlusive arteriosclerosis 10 

Occlusive arteriosclerosis with diabetes 19 

Arterial embolus 4 

Mortality; No. Per cent. 

Patients who entered the hospital with open lesions 32 

Amputations on these patients 17 53 

Deaths following amputation 9 53 

Deaths not following surgery 1 

Total deaths in 40 patients 10 25 

Deaths in those who entered with open lesions . . 10 31 


lions died. In other words, a person afflicted with peripheral vas- 
cular disease, who develops an open lesion, is immediately faced 
with a prolonged and painful disability and about a 30 % chance of 
dying. These figures agree closely with those of other writers.® 
Even if these patients survive amputation, only about 10% are 
ever economically rehabilitated.® Obviously development of open 
lesions in vascular disease of the extremities is an occurrence of dire 
import. 

Table 2 shows that trauma is apparently a major factor in pro- 
duction and aggravation of open lesions. Of 32 patients from whom 
a satisfactory history was obtainable more than half of them had 
sustained one or more tjqies of injury. The majority of these 
injuries resulted from some form of ill-advised therapy. That 
injury, as well as diminished circulation, is often necessarj' to produce 
open lesions is indicated by the fact that in 13 of these patients 
circulation was equally poor in both extremities and that in 7 the 
lesion was actually on the limb Avith distinctly better circulation. 
There were 37 instances of injury in 21 patients. In only 13 instances 
was self treatment or an accident the source of injury. The remain- 
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ing 24 instances of trauma occurred through the advice or at the 
hands of some professional attendant; 53% of the injuries were 
occasioned by medical attendants. 


Table 2. — Thauma. 

No. 

History of trauma 21 

No history of trauma H 

Unsatisfactory history 8 

40 

. . 20 
11 
9 

. . 7 

. . 5 


Total with open lesions ’ , 32 

No open lesions 8 

Syphilitic 6 

Site of lesions:* 

Lesion on extremity with poorer circulation .... 12 

Lesion on extremity with better circulation .... 7 

Circulation of both extremities essentially same ... 13 

Those responsible for the trauma: 

Patient 13 

Chiropodist 4 

Family physician 18 

Hospital staff 2 


Lesions: 

Gangrene 

Dry 

Infected 

Indolent ulcer 
Cellulitis or osteomyelitis 


Per cent. 
52 
27 
20 


35 

11 

48 

5 


37 


Types of injury: 

1. Mechanical: 17 instances. 

A. Pressure. 

1. Tight shoes. 

2. Casts applied for “arthritis,” “varicose veins,” etc. 

3. Pressure of heel on bed with resulting gangrene. 

B. Local operations on corns or nails. 

C. Accidental injuries such as stubbing toe or having it stepped on. 

2. Thermal: 16 instances. 

A. Cold. Usually exposure. Occasionally, too enthusiastic use of con- 

trast baths. 

B. Hot soaks. Usually in strong solutions of Epsom salts (“as hot as 

you can stand it”). 

C. Baking lamps and infra red lamps. 

D. Diathermy and short wave. 

3. Chemical: 4 instances. Iodine, salicylic acid and phenol ointments. 

Vaseline gauze to dry gangrene. Use of strong chemicals for epiderma- 
phytosis. 


* Measured by exercise and blanching test, venous filling time, oscillometry and 
histamine readings.’’2'5'®’*‘“’l> 


Discussion. The idea unfortunately still persists that specialized 
knowledge and considerable elaborate and expensive apparatus 
are required for diagnosis of vascular diseases of the extremities. 
The contrary, however, is true. In a previous publication® one of 
us showed that accurate diagnosis of circulatory status can be made 
at the bedside without apparatus of any kind and with only the 
familiar methods of inspection and palpation and two simple tests.^’^^® 
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Failure to recognize deficiency of circulation is often the starting 
point of naischief. Accurate diagnosis and early recognition of the 
vulnerability to trauma of these patients is their best safeguard. 
Having recognized diminished circulation of the extremities the 
physician must keep clearly in mind those measures to be avoided 
and those to be carried out to prevent onset of open lesions. Prop- 
erly fitting shoes, light woolen socks, scrupulous cleansing of the 
feet with tepid water and non-caustic soap, gentle drying with soft 
towels; avoidance of cold and wet, meticulous care of the nails, 
corns and callouses, adequate rest, supervised exercise and the 
general medical measures especially adapted to the case— all these 
are requisite. Indiscriminate applications of wet dressings, whether 
hot or cold, use of moist or dry heat and employment of strong 
chemicals cannot be tolerated. Avoid pressure on the heel and 
pressure on the popliteal space by bunched-up pillows. Pressure 
from bed clothes should be eliminated. Body temperature of the 
limb may best be maintained by warm clothing and bj'^ wrapping 
the entire foot and leg loosely in cotton wool. Contrast baths may 
do more harm than good. Dry dressings or none at all are usually 
preferable. Maceration of tissue by vaseline gauze or by other 
occlusive dressing should be avoided. 

Surgical trauma, likewise, should be reduced to a rninimum. 
Surgery, when indicated, must not be delayed and it must be ade- 
quate. Radical surgery is usually the most conservative, because 
few of these patients can tolerate repeated surgical insults, whereas 
many will survive a single, well planned attack. If amputation is 
necessary, it should be performed at a level at which risk of con- 
tamination is least and at which viability of tissue is most promising. 
Scrupulous skin sterilization, careful draping, elimination of tourni- 
quets, clean quick incisions with sharp scalpels without bevelling 
skin edges, gentle retraction, no clamping of skin, no interruption 
of essential blood supply by separation of skin from underlying 
tissue in fashioning flaps, nice hemostasis without gross clamping 
of tissue, fine ligatures throughout except where heavier material 
is essential, no suturing of muscle, judicious apposition of fascial 
edges, accurate closing of skin without tension and finally, a well 
applied dressing without drainage — all are requisite. Such pre- 
cautions entail a minimum of operative trauma. The operative site 
may usually be forgotten until healing has occurred. Even after 
amputation the remaining limbs of these patients are still subject 
to the effects of trauma and must be carefully safeguarded. 

Summary and Conclusions. 1. Because of the altered physiologj^ 
of extremities afflicted with obliterating arterial diseases manj^ 
ordinary therapeutic measures cause injury and produce open 
lesions in such limbs. 

2. Investigation of 40 patients with peripheral vascular disease 
showed that more than half of them suffered one or more injuries 
in the course of iU advised attempts at treatment. 
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3. Trauma appears to be the most frequent cause of open lesions 
in extremities with poor arterial blood supply. Types of injury 
have been discussed. 

4. Because development of open lesions on poorly nourished 
limbs entails great economic loss, prolonged morbidity and a high 
death rate, every effort should be made to eliminate trauma in 
patients with peripheral vascular disease. 

5. This object can be accomplished only by a widespread and a 
persistent campaign of education among physicians. 
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ELECTROCARDIOGRAPHIC STUDIES IN METRAZOL 
SHOCK THERAPY. 
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(From the Psychiatric Service of the Hudson County Hospital for Mental Diseases.) 

Since the introduction of metrazol shock therapy in the field of 
the functional psychoses, much attention has been devoted to the 
changes in the bodily economy induced by the large doses of this 
potent drug which are required to produce the therapeutically 
desired grand mal seizures. Particularly thoughtful workers have 
been concerned with the possibility of serious or even fatal damage to 
the brain, heart, lungs, kidneys, skeletal structures, and so on, as 
a result of this therapy. 

That disastrous effects^’® on the cardiovascular system can follow 
the incautious administration of this drastic therapy, there is little 
doubt. Thus, von Angyal and Gyarfas^ record a fatal case in which 
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aortic stenosis was found to be present at postniortem. Hayman 
and Brody^ also report a fatal case in wlncli a preexistent chronic 
endocarditis was found at autopsy. 

Such instances emphasize the danger of convulsive doses of metra- 
zol in patients with damaged hearts. This paper is the outgrowth 
of an effort to determine the possible untoward effects of metrazol 
shock therapy upon the cardiovascular system of young subjects 
manifesting no evidence of impaired cardiovascular system before 
the institution of therapy. In particular, we are concerned here with 
such possible ill effects insofar as they can be detected by electro- 
cardiographic studies."’® Collateral phenomena such as roentgeno- 
logic studies of the cardiovascular system, blood pressure, venous 
pressure, and so on, are not included in this report. 

Material and Method. The material for this work was taken from 
electrocardiographic studies on schizophrenic subjects undergoing metrazol 
shock therapy at this hospital. All patients considered for this treatment 
underwent as routine work-up a careful clinical examination of the cardio- 
vascular system, Roentgen ray of the chest and an electrocardiogram besides 
the other usual tests. In addition, each patient received at the conclusion of 
the therapy a clinical check-up of the cardiovascular status and a second 
electrocardiogram. 

Patients selected for this study were all diagnosed as suffering from scliizo- 
phrenia. There were 25 males and 25 females in the present series of 50 
patients. The oldest patient was 44; the youngest 19 years (average age, 
26 years). Patients presenting any cardiovascular abnormalities either 
on clinical, roentgenologic, or electrocardiographic examination were con- 
sidered unsuitable for therap}’’ and hence excluded from this study. Treat- 
ment consisted of intravenous injections of 10 % aqueous solution of metra- 
zol (pentamethylenetetrazol) 3 times a week according to tlie tecimique 
developed by von Meduna.® The duration of therapy lasted from 4 to 16 
weeks (average, 8 weeks). The total amount of metrazol solution injected 
was from 64 to 469 cc. (average, 196 cc.). Tlie number of grand mal seizures 
varied from 10 to 40 (average, 21). 

The electrocardiograms for this study were analyzed for rate and rhythm, 
P, Q, R, S, and T waves, P-R and S-T segments. The electrocardiogram 
before the institution of therapy was compared vdth the one taken after 
the completion of the treatment. 

Results. In this series of 100 electrocardiograms (50 before and 
50 after treatment), the rhythm in every instance was of a sums tjT^e. 
Thirty-one (62%) of the cases showed an increase of rate after 
treatment (3 [6%] of the cases showed a decrease in rate after 
therapy). Average rate before treatment was 85; after treatment, 
115. The increase in rate following therapy wms attributed to emo- 
tional factors, since it was observed that those patients who mani- 
fested nervousness, anxiety, fear and apprehension while the electro- 
cardiogram was being taken frequently showed tachycardia. This 
has been commonly observed following metrazol shock treatment, 
since many patients evidentlj' confused the electrocardiogram with 
the feared metrazol injection. 

Apparently related to this phenomenon was the shortening of 
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the S-T segment (interval) which was observed in 23 (46%) of 
cases following therapy (as compared with electrocardiogram before 
treatment). In every instance in which this phenomenon was 
observed, the rate was found to have increased after therapy. Four 
of these 23 patients likewise showed a shortened P-R interval. We 
regard this shortened S-T interval, and occasional shortening of 
P-R interval, as merely a physiologic concomitant of the increased 
rate. 

There were no significant changes in P waves or QRS complexes 
in our entire series. The T waves in 48 (96%) of our series likewise 
showed nothing significant. ' In 2 patients, however, interesting 
changes were observed as seen below. 

Case 1. — G. M., a 21-year-old female had a negative electrocardiogram 
before institution of therapy. She received a total of 310 cc. of metrazol 
given in 40 injections, 30 of which resulted in grand mal seizures. The 
largest single dose was 9 cc. Her therapy was terminated on March 3, 1939. 
At no time during or after treatment were any cardiovascular abnormalities 
detected clinically. However, routine electrocardiogram on March 9, 1939, 
showed inversion of T 2 and Ta, with depression of S-T^. The T waves 
were of cove-plane type and suggested coronary changes. On April 5, 1939, 
a similar record was obtained. On April 10, 1939, however, without any 
therapy of any sort, these changes disappeared and a normal electrocardio- 
gram was obtained. Furthermore, electrocardiograms on April IS and 25, 
1939, showed upright T waves in all leads and negative electrocardiograms. 

Case 2. — S. L., a 21-year-old male with negative electrocardiogram before 
therapy was given a total of 189.5 cc. of metrazol in 25 injections. He 
had 20 seizures of grand mal type. The largest single dose was 10 cc. His 
last injection was given on April 26, 1939. An electrocardiogram on April 
28 revealed inverted T- and T% and again was considered as suggesting 
coronary disease. It was suggested that anoxemia^ might account for these 
changes. Acting upon this suggestion, the patient was given 100 % oxygen 
by inhalation (mth a Gwathmey anesthesia machine) for 15 minutes. Thirty 
minutes later, an electrocardiogram was taken and revealed that most of 
the T waves in Leads 2 and 3 were upright. On May 19, 1939, the T waves 
were still upright and electrocardiogram was normal in appearance. 

Summary. 1. Electrocardiographic tracings taken before and 
after metrazol shock therapy administered to young healthy adults 
revealed no significant changes of a permanent nature. 

2. An increase in heart rate is frequently observed following 
therapy. This we believe is due to emotional factors rather than 
to the metrazol injections i^er se. Shortening of S-T (and less 
commonly of P-R) intervals is also commonly observed. This, in 
our opinion, is associated wdth the increased rate. 

3. Inversion of T weaves in Leads 2 and 3 followdng therapy occurs 
in isolated instances. These changes are transient in nature. The 
mechanism of these changes is somewhat obscure, although they are 
possibly correlated with anoxemia. This requires further investiga- 
tion. 

4. We wash to emphasize again the need for careful check-up of 
the physical condition of patients who are being considered for 
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metrazol therapy. In making such investigations of the physical 
status of these patients, an electrocardiogram is a valuable adjunct. 
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CHLOROFORM LIVER INJURY INCREASES AS PROTEIN 
STORES DECREASE. 

Studies in Nitrogen Metabolism in These Dogs. 

By L. L. Miller, Ph.D., 

LILLY FELLOW IN PATHOLOGY, 

AND 

G. H. Whipple, M.D., 

PROFESSOR OF PATHOLOGY, 

ROCHESTER, N. Y. 

(From the Department of Pathology, The University of Rochester School of Medicine 

and Dentist^ 5 ^) 

Liver injury due to .chloroform anesthesia increases in degree 
as the protein stores are depleted in the liver and body tissues. 
This is the theme of the experiments tabulated below. Clinicians as 
well as investigators have a legitimate interest in these observations 
owing to the unfortunate fact that chloroform is still used as an 
anesthetic in this country and abroad. If surgeons and obstetricians 
will persist in the use of this dangerous drug (chloroform) alone or 
combined with other anesthetics, at least they should realize that 
the toxicity of chloroform increases as the protein stores are depleted 
by fasting, intestinal disturbances, bleeding, dietary limitations or 
even infection. 

The normal ivell-fed healthy dog will tolerate an hour of surgical 
chloroform anesthesia with little evidence of severe liver injurj'. 
The normal dog fasted for 3 days preceding an hour of chloroform 
anesthesia will always show well marked hyaline central necrosis of 
the liver, sharp lowering of the fibrinogen and prothrombin levels 
in the blood, definite increase in bile pigment in blood plasma and 
urine, large increase in urinary nitrogen and definite clinical intoxi- 
cation. This is a uniform reaction which can be demonstrated 
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over and over again, the central liver necrosis involving usually 
50 to 70% of the liver cells in each lobule. Occasionally the injury 
will be severe enough to cause death in 2 to 4 days: “delayed chloro- 
form poisoning.” 

But when the dog is depleted of its store of proteins by long continued 
low-protein diets with or without bleeding or by plasmapheresis® 
(bleeding and return of washed red cells in saline), we see that the 
liver is very sensitive to chloroform poisoning (Table 1). These 
protein depleted dogs (normal in all other respects) are scarcely able 
to tolerate 12 minutes of light chloroform anesthesia and 20 minutes 
will be fatal in the great majority of cases. 

There is every reason to suppose that human beings react like 
these dogs and under certain conditions may be hypersensitive to 
chloroform anesthesia. In fact, many cases of fatal chloroform poi- 
soning have been observed and some reported in recent years. In 
our opinion it would be folly to subject to short chloroform anesthesia 
human patients who have been vomiting for long periods or who are 
in a state of inanition due to diet or infection. Young animals and 
presumably children are somewhat more susceptible than adults. 

Methods.^ All dogs used in these experiments were active, healthy 
adults. As indicated in detail in the individual protocols, the dogs’ reserve 
stores of protein were depleted by bleeding and diet, or by diet alone, or by 
plasmapheresis. Before starting these procedures the dogs’ plasma protein 
levels were normal (6 to 6.5 gm.%). The constant drain on body protein 
stores extending over a period of 4 to 7 weeks, finally results in a lowered 
plasma protein level. A plasma protein level of 4 to 5 gm.% for at least 
1 week before the chloroform anesthesia and throughout the metabolism 
studies was taken to indicate a rather severe depletion of reserve protein 
stores. 

During the metabolism experiments the dogs were kept in the laboratory 
in galvanized iron metabolism cages. The urine was collected under toluene 
and preserved with toluene and refrigeration. Each period of 24 or 48 hours 
was terminated by catheterization and rinsing of the bladder with water. 
Urine analyses were made on the specimens of each period for the following 
constituents: Total nitrogen by macro-Kjeldahl, ammonia and urea nitro- 
gen by aeration after urease treatment, creatine and creatinine by the meth- 
ods of Folin, and uric acid by the method of Morris and MacLeod. Blood 
samples were dra-^ from the external jugular vein with 1.4% sodium 
oxalate used as anticoagulant. Plasma protein determinations were carried 
out by macro-Kjeldahl on the whole oxalated plasma without correcting 
for non-protein nitrogen, fibrinogen was determined by micro-Kjeldahl, 
and icterus index by comparison of the oxalated plasma mth standards 
prepared according to the method of Farahaugh and Medes.^ 

The animals were maintained on a diet consisting of cane sugar, lard, 
protein-free butter, bone ash, a salt mixture,'® cod liver oil, thiamine 
chloride, and a small amount of protein in the form of a fiver extract 
(Liver extract _No. 343*) or 5 to 20 gm. of fresh pork fiver daily. The 
exact composition of the daily diet of each dog is given in detail in the indi- 
vidual protocols. With one exception the dogs were fasted 24 hours before 
the administration of chloroform. By fasting we mean a discontinuance of 
food but a liberal supply of water, 

* We are indebted to Eli Lilly and Company for a supply of this material. 
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Anesthesia was induced with ether and then chloroform was given by the 
drop method. A light surgical anesthesia was maintained. All dogs re- 
covered from the anesthesia quite rapidly and were conscious within 2 to 
4 minutes. 

Experimental Observations. We believe the tables given below 
present adequate evidence to establish our thesis that the liver 
becomes more susceptible to chloroform injury as the protein reserves 
are depleted. It is generally accepted that the liver is an important 
organ for the storage of body protein, but other tissues, for example 
muscle, are probablj'^ actively concerned. 

Table 1 is a summary table including 6 fatal cases subjected to 
brief chloroform anesthesia. Plasma protein levels were not very 
low except in Experiments 2 and 6, but the protein reserve stores 
were probably low in all 6. Depletion is readily effected by diet or 
bleeding. In the fatal cases there w^as a conspicuous drop in blood 
fibrinogen within 24 hours after the chloroform anesthesia and a 
sharp rise in the icterus index. At autopsy, the fibrinogen wms very 
low’' as evidenced by complete lack of blood clots. 

Glycine in considerable amounts given in the diet did not protect 
the dog (Exp. 5, Table 1) nor did xanthine (Exp. 6) given according 
to the technique used by Neale and Winter.^^ 


Table 1. — Fatal Liver Injury by Chloroform Anesthesia in Protein-depleted 

Dogs. 



1 

1 

Protein depletion. 

Plasma 
protein 
level, 
gm. %. , 

Dura- 

Hours 

between 

anes- 

thesia 

and 

death. , 

Fibrin- 

ogen* 

Extent 
of liver 
necrosis 
esti- 
mated, 
%. 

Experi- 
ment No. 

Dog No. 

i 

Method, 

Dura- 1 
tion, 1 
wks. ; 

tion of 
anes- 
thesia, 
min. 

24 hrs. 
after 
chloro- 
form, 
mg. %. 

1 

1 

38-30 

Bleeding 

4- Diet 

7 

4.28 

45 ' 

1 

15=*= 

1 

90 

2 

3S-1S 

Diet 

4 

3.66 

30 

56 

129 

60 

3 

38-144 

Bleeding 

4- Diet 

6 

4.25 

20 

60 

30 

50 

4 

38-196 

Bleeding 

4- Diet 

6 

4.60 

15 

31 

88 

75 

5 

38-274t 

Diet 

7 

5.15 

20 

15 ± 


95 

6 

38-81t 

Plasma- 

pheresis 

4- Diet 

7 

3.85 

20 

65 

89 

70 

7 

38-241 

Diet 

9 

4.70 

20 

...§ 

590 

trace ? 


* Blood clots absent at autopsy in each fatal experiment, 
t Glycine fails to protect against chloroform liver injurj'. 
i Xanthine fails to protect against chloroform liver injury. 

§ Single meat feeding gives protection against chloroform liver injury. 

% 

A single protein feeding in Experiment 7 did prevent completely 
any liver injury due to 20-minute chloroform anesthesia. Experi- 
ment 9 in Table 3 gives support to this important Experiment 7. 
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More experiments bearing on this point are in progress but these 
results are so unequivocal as to give some assurance that these 
single experiments are really significant. 

It is of interest to note that the dogs used in these experiments 
had reserve protein stores of different amounts or conserved these 
stores over different periods. Dog 38-18 required only 4 weeks of 
low protein diet, whereas Dog 38-30, with the extra drain of bleeding, 
required 7 weeks of low protein diet to effect depletion. 

The fact that Dogs 38-30, 38-144, and 38-186 were moderately 
anemic as well as hypoptoteinemic at the time of chloroform anes- 
thesia does not appear to have rendered them any more susceptible 
than the others. It will be recalled that Daft, Robscheit-Robbins 
and Whipple' did not find anemic dogs any more susceptible to 
chloroform poisoning than normal dogs. 

Experiment 1 (Table 1), Dog 38-30, adult female airedale mongrel.' 

Oct 4. Initial plasma protein level, 6.88 gm.%. Weight, 16 kg. Started 
bleeding and low protein diet (sucrose, 138 gm.; lard, 30 gm.; butter, 14 gm.; 
bone ash, 4 gm.; salt mixture, 2.5 gm.; cod liver oil, 15 gm.; thiamine, 60 
I. U.; liver extract, 2.6 gm.) fed daily in afternoon. 

Oct. 5. Bleeding and diet continued until start of metabolism study. Plasma 
protein, 4.54 gm.%. Red cell hematocrit, 31%. Weight, 12.7 kg. 

Nov. 26. Plasma protein, 4.16 gm.%. Diet, 30% consumed. 

Nov. 27. Diet, 20% consumed. 

Nov. 28. Fasted. 

Nov. 29. Chloroform anesthesia J^B minutes. Recovery uneventful. Refused 
food offered. 

Nov. 30. Dog found dead in morning. Autopsy showed central areas of 
lobules deep red, portal areas yellowish. Microscopically there was almost 
complete disappearance of normal liver tissue with about 90% central 
hyaline necrosis. 

Experiment 2 (Table 1), Dog 38-18, adult female hound mongrel. 

Oct. 4. Initial plasma protein level, 6.62 gm.%. Red cell hematocrit, 47%. 
Weight, 12.5 kg. Low protein diet daily (sugar, 118 gm.; lard, 25.5 gm.; 
butter, 12 gm.; bone ash, 3.1 gm.; salt mixture, 2.1 gm.; cod Uver oil, 15 gm.; 
liver extract, 2.2 gm.; thiamine, 60 I.TJ.). 

Oct. 31. Plasma protein level, 4.46%. Red cell hematocrit, 42%. Weight, 
12.1 kg. 

Dec. 2. Since appetite past several days was poor, diet was supplemented 
hereafter with 15 gm. fresh pork liver. Weight, 11 kg. 

Dec. 3, 4. Consumed 60% diet. 

Dec. 5. Fasted. 

Dec. 6. Plasma protein level, 3.70 gm.%. Red cell hematocrit, 40%. Chloro- 
form anesthesia 16 minutes. Recovery rapid. Somewhat intoxicated. 
Refused food. Only slight rise in total urinaiy nitrogen and fourfold in- 
crease in uric acid, but no icterus and only slight drop in blood fibrinogen. 
Consumed average of 40% diet on Dec. 7 and 8. 

Dec. 9. Fasted. 

Dec. 10. Chloroforin anesthesia SO minutes. Dog recovered rapidly but later 
vomited mucus and looked ill. 

Dec. 11. Icterus prominent. Fibrinogen, 129 mg. %. Refused food. Clinically 
intoxicated. Sugar by vein several times (total sugar 50 gm.) and 200 cc. 
of 5% glucose subcutaneously. 
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Dec. 12. Icterus very marked. Fibrinogen 80 mg.%. Despite glucose and 
transfusions dog died. Total urinary nitrogen for Dec. 10 and 11 almost 
double the control value of 1.2 gm. per 48-hour period. Slight increase in 
creatine. About sevenfold increase in uric acid. On autopsy grossly, liver 
appeared to show severe injury. Microscopically, about 60% of each 
lobrile showed the characteristic hyaline necrosis. Many cells appeared 
stuffed with glycogen. 

Experiment 3 (Table 1), Dog 38-144, adult female hound mongrel. 

Jan. 12. Plasma protein level, 6.53 gm.%. Red cell hematocrit, 45%. Started 
low protein diet and bleeding (sugar, 128 gm.; lard, 27.6 gm.; butter, 13 gm.; 
bone ash, 3.3 gm.; salt mixture, 2.3 gm.; cod liver oil, 5 gm.; liver extract, 
2.4 gm.; thiamine, 60 I.U.). Weight, 12.9 kg. 

Jan. 13 to 29. Ate 80 to 90% diet. 

Jan. 30. Plasma protein level, 4.58 gm.%. Weight, 11.8 kg. 

Feb. 1 to 14. Ate 80 to 90% diet. Weight, 12 kg. 

Feb. 15. Fasted. 

Feb. 16. Plasma protein level, 4.25 gm.%. Red cell hematocrit,' 30%. Fibrino- 
gen, 277 mg.%. Chloroform anesthesia 20 minutes. Recovery rapid. Re- 
fuses food. 

Feb. 17. Icterus pronounced. Fibrinogen 30 mg.%. Very ill. Gave several 
doses intravenous glucose (total sugar 100 gm.). 

Feb. 18. Dog semi-comatose. Despite intravenous glucose and plasma protein 
dog died. Changes in urinary nitrogen for Feb. 16 and 17 practically same 
as in Dog 38-18. Autopsy revealed liver lobules which had uniformly deep 
red central areas, yellowish portal areas. Microscopically, there was at 
least 50% central necrosis of lobules. Remaining liver cells showed extensive 
fatty degeneration. 

Experiment 4 (Table 1), Dog 38-186, adult female hound mongrel. 

Feb. 14. Plasma protein level, 6.20 gm.%. Red cell hematocrit, 43%. Bled 
only twice (total 190 cc.). Started low protein diet (sugar, 118 gm.; lard, 
25.5 gm.; butter, 12 gm.; bone ash, 3.1 gm.; salt mixture, 2.1 gm.; cod liver 
oil, 5 gm.; liver extract, 2.2 gm.; thiamine, 60 I.U.). Weight, 11.2 kg. 

Feb. 15 to 26. Ate 100% diet. 

Feb. 27 and 28. Ate 75% diet. 

Mar. 1 and 2. Ate 50% diet. Weight, 9.8 kg. 

Mar. 3 to 17. Supplemented diet with 5 gm. fresh liver daily. Ate 100%. 

Mar. 18 to 21. Ate about 50% diet. Increased liver to 10 gm. daily. 

Mar. 22 to 25. Ate 100% diet. Plasma protein level (Mar. 23), 4.70 gm.%. 

Mar. 26 to 28. Ate only 50% diet. 

Mar. 29. Fasted. 

Mar. 30. Plasma protein level, 4.60 gm.%. Red cell hematocrit, 30%. Chloro- 
form anesthesia 16 minutes. Recovery rapid. Refused food. 

Mar. 31. Very sick. Vomited bile-stained mucus several times. Icterus 
marked. Despite intravenous glucose (40 gm. sugar) and transfusion, dog 
died. Only slight increase in total urinary nitrogen during 24 hours follow- 
ing anesthesia. Autopsy showed liver lobules standing out uniformly with 
red central areas and grayish-yellow peripheral areas. Microscopically, 
the lobules showed about 75% central necrosis. Remaining cells showed 
extensive fatty degeneration. 

Experiment 5 (Table 1), Dog 38-274, adult female hound mongrel. 

Mar. 30. Weight, 9.5 kg. Placed on low protein diet (sugar, 118 gm.; lard, 
25.5 gm.; butter, 12 gm.; bone ash, 3.1 gm.; salt mixture, 2.1 gm.; cod liver 
oil, 5 gm.; fresh pork liver, 5 gm.; thiamine, 60 I.U.). 

.4pr. 1 to May 15. Average 95% food eaten. Plasma protein level (May 15), 
4.50 gm.%. Red cell hematocrit, 47%. 
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May 16 and 17. Added 23 gm. glycine to regular diet. Ate 60%. 

May 18. Added 23 gm. glycine to regular diet. Ate 90%. Weight, 8.4 kg. 

May 19. Fasted. 

May 20. Gave 23 gm. glycine in water by stomach tube 2 hours before start of 
ZO minutes of chloroform anesthesia. (Plasma protein before anesthesia 
5.1 gm.%, red cell hematocrit, 47%.) Recovery rapid. Somewhat intoxi- 
cated. Refused food. 

May 21. Dog found dead in morning. On autopsy grossly liver lobules were 
uniformly red in central areas, and grayish-yellow in peripheral areas. 
Microscopically, about 95% of liver lobule showed central hyaline necrosis. 

Experiment 6 (Table 1), Dog 38-81, adult female terrier mongrel. 

May 2. This dog was apparently fully recovered from a previous injury pro- 
duced by 12 minutes of chloroform anesthesia 2 weeks before (described in 
detail in Exp. 8). Diet same as in Experiment 8 except that vitamins A 
and D were supplied in the form of navitol. Diet 100% consumed for 
next 2 weeks. Weight, 6.6 kg. 

May 16 and 17. Plasma protein level, 4.08 gm.%. Ate 100% diet. 

May 18. Weight, 6.2 kg. Finely powdered xanthine (3.5 gm.) was suspended 
in 40 cc. normal saline, the mixture boiled for 6 minutes, cooled, and injected 
subcutaneously on left side. Dog appeared somewhat ill but ate 90% diet. 

May 19. Repeated on right side injection of 3.5 gm. xanthine. Dog seems dis- 
turbed. Some local heat and tenderness at site of injection of May 18. 
Fasted. 

May 20. Plasma protein level, 3.85 gm.%. Red cell hematocrit, 37%. Fibrin- 
ogen, 390 mg.%. Chloroform anesthesia 20 minutes. Recovery rapid, but 
dog clinically ill. Local reaction at site of both xanthine injections. Ate 
10% diet oSered. 

May 21. Very ill. Refused food. Fibrinogen, 89 mg.%. Icterus prominent. 
Intravenous glucose (sugar 25 gm.). Some vomiting during day. 

May 22. Very ill. Refused food. Fibrinogen, 59 nig.%. Icterus prominent. 
Vomits frequently. Intravenous glucose (50 gm.). Semi-comatose late in 
day. 

May 23. Found dead in morning. On autopsy practically all liver lobules had 
deep red central areas with yellowish peripheries. Microscopically, there 
was about 70% central necrosis; intact liver cells showed extensive fatty 
degeneration. 

Experiment 7 (Table 1), Dog 38-241, adult female hound mongrel. 

Apr. 22. Weight, 12.2 kg. Placed on low protein diet (same as diet of Dog 
38-274, Ex-p. 5, Table 1). 

Apr. 23 to 29. Fasted. 

Apr. 30 to Jime 2. Ate an average of 95% daily diet. May 15 plasma protein 
level, 4.85 gm.%; red cell hematocrit, 47%; weight, 11.8 kg. 

June 3. Plasma protein level, 4.85 mg.%. Red cell hematocrit, 42%. 

June 4 to 11. Ate an average of 50% of daily diet. 

June 12. Supplemented daily diet with an additional 15 gm. fresh pork liver 
daily (total 20 gm. daily). 

June 13. Ate 60% diet. 

June 14 to 25. Ate an average of 90% daily diet. 

June 26. Plasma protein level, 4.70 gm.%. Red cell hematocrit, 54%. Ate 
75% diet. Weight, 11.4 kg. 

June 27 and 28. Ate an average of 40% diet. 

June 29. Replaced daily diet with single feeding of 630 gm. of lean hamburg 
steak ivhich was 'promptly consumed. 

June 30. Fasted. 
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July 1. Plasma protein level had risen to 5.80 gm.%. Fibrinogen, 570 mg.%. 
Red ceU hematocrit, 42%. Chloroform anesthesia 20 mimttes. Recoverj* 
rapid and uneventful. Ate 70% of low protein diet offered. 

July 2. Dog in verj^ good condition. No sign of into.vication. Plasma protein 
level, 5.50 gm.%. Fibrinogen, 550 mg.%. Absolutely no icterus. Ate 
95% of low protein diet, 

July 3. Fibrinogen, 440 mg.%. Very faint trace of icterus in plasma. Blood 
formed firm clot readily. Ate 80% diet. 

July 4. Fibrinogen, 370 mg.%. Dog in excellent condition. Vei^' faint trace 
of icterus in plasma. Returned to kennels. Weight, 11.4 kg. 

Experiment 7, Table 1, wbich shows a striking protection against 
chloroform poisoning due to a single large protein feeding is of such 
significance that it must be repeated many times. It will be worth 
while to test the effectiveness of a large injection of plasma protein 
a few hours before chloroform anesthesia in tlie protein depleted 
dog. Experiment 9, Table 3 (Dog 37-177), given below is in complete 
harmony with Experiment 7, and gives strong support to the obser- 
vation tliat protein administration (liver feeding) protects and pro- 
tein withdrawal in the same dog renders the dog susceptible to 
chloroform poisoning. 

As several of the above experiments (Table 1) showed that 20 
minutes of chloroform anesthesia was almost invariably fatal and 
that even 15 minutes might be fatal, it was decided to try 12 minutes 
to obtain a severe but non-fatal chloroform injury so tliat nitrogen 
partition in the urine might be studied. 

Table 2. — Pbotein Depletion (Plasmapheresis and Diet) Increases Suscepti- 
bility TO Chloroform Poisoning and Lwer Injury. 


E-Yperiment S — Dog 38-Sl 



Period. 

Total 

nitrogen, 

mg. 

Urea + NHj 
nitrogen. 

Uric acid 
nitrogen, 
mg. 

Fibrin- 
ogen,* 
mg. %. 


Plasma 
protein 
level, 
gm. %. 


Length, 

hrs. 

Icterus 

index. 

No. 

Mg. 

%• 

1 

48 

1410 

705 

50 

11.1 




2 

48 

1130 

670 

59 

8.0 

230 

0 

4.11 



Chloroform Anesthesia- 

—13 Minutes. 



3 

24 

1070 

790 

74 

10.7 

79 

10 

4.35 

4 

24 

970 

690 

72 

14.4 

116 

12 

4.42 

5 

48 

1280 

810 

63 

29.7 

157 

5 

3.85 

6 

48 

770 

340 

45 

24.6 




7 

48 

740 

370 

49 

19.6 




S 

48 

900 

490 

55 

17.5 

210 

tr. 

4.08 

9 

48 

740 

420 

56 

9.7 





* FibrinogeD and plasma protein figures in this table and Tables 3 and 4 were 
obtained from blood samples taken at the close of periods indicated. 

Table 2 presents data obtained from Dog 38-81, Experiment S. 
Following chloroform anesthesia, the rate of urinary nitrogen excre- 
tion was nearly double that of the control period, but approached 
normal within 48 hours in Period 5. The percentage of urea and 
ammonia nitrogen, which was low in the control periods rose mark- 
edly' to 74% in the48 hours after anesthesia, dropped to a low of 45% 
in Period 6, then rose to control values in Periods 8 and 9. In other 
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words, the conservation of the materials which contribute to the 
formation of urea and ammonia already conspicuous in the control 
periods becomes accentuated in Periods 6 and 7. 

Figures for creatine and creatinine are not shown in the table 
because no significant changes were observed. This is in striking 
contrast to the large increase in creatine seen in the normal® or 
anemic^ dog after severe liver injury by chloroform. 

The rate of uric acid excretion rose to three times control values 
in Periods 3 to 5, and returned slowly to normal in Period 9. 

The drop in fibrinogen and rise in the icterus index indicate a 
definite liver injury with central hyaline necrosis. 

Clinical Experimental History During Metabolism Study Period 
(Table 2). Dog 38-81, adult female terrier mongrel. 

Apr. 7. Plasma protein level, 4.96 gm.%. This dog had been subjected to 
plasmapheresis for 3j weeks on a diet similar to that of Dog 37-177 (Exp. 9). 
Until Apr. 13 ate completely a daily diet of 80 gm. sucrose, 8 gm. filtered 
butter; 3 gm. salt mixture; 5 gm. cod liver oil; 60 I.U. thiamine; 5 gm. fresh 
pig liver. Weight, 7.1 kg. 

Apr. 13. To remove fats, diet changed to 100 gm. sucrose; 3 gm. salt mixture; 
3 gm. bone ash; 40 I.U. thiamine; 7 drops Navitol; 5 gm. fresh liver. Com- 
pletely eaten on each of following days (Apr. 20 excepted). 

Apr. 17. Catheterized and bladder rinsed to start urine collections. Given 
200 cc. water daily by stomach tube. 

Apr. 20. Dog fasted. Weight, 6.8 kg. 

Apr. 21. Chloroform anesthesia 12 minutes. Recovery rapid. Ate 100% diet. 
Apr. 22. Obviously intoxicated, seems ill. Ate 10% diet. 

Apr. 23. Considerably brighter. Ate 90% diet. 

Apr. 24 to May 3. Dog in good condition. Weight, 6.5 kg. 

Experiment 9, Dog 37-177 (Table 3), differs from those on the 
other dogs in that the dog was on a diet containing adequate 'protein 
in the form of 40 gm. of fresh pork liver daily, but the animal’s 
protein reserves were kept in a depleted state by the drain of daily 
plasmapheresis. Twelve days prior to the anesthesia described in 
this experiment, the dog was given 20 minutes of chloroform anes- 
thesia and showed practically no sign of injury but on no day was the 
dog deprived of the liver-containing diet. In Experiment 9 the dog 
was fasted 24 hours before, and 48 hours after, chloroform anes- 
thesia, and the blood and urinary findings indicate that at least a 
moderate liver injury was produced. The absence of the liver diet 
to compensate for the protein depletion by plasmapheresis here seems 
to be the factor favoring liver injury. The changes in urinary nitro- 
gen, fibrinogen, and icterus observed here are qualitatively much the 
same as those seen in Table 2, Dog 38-81. The comparatively high 
control urea-ammonia nitrogen per cent seen in the preliminary 
periods is followed by a slight rise in the 48 hours after the chloro- 
form (Periods 3 and 4), and by a significant fall in Periods 5 and 6 
(“reaction of conservation”) with a return to normal in Periods 7 
and 8. The comparatively high control urea-ammonia nitrogen 
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per cent is to be attributed directl 5 >-, no doubt, to the higher protein 
intake. Creatine and creatinine values showed no significant changes 
and are not here recorded. 

Table 3. — Protein Depletion (Plasmapheresis) Increases Susceptibilitv 
TO Chloroform Poisoning and Liver Injury. 


Experiment 9 — Dog 37-177 



Period. 


Urea + NHj 




Plasma 



Total 

nitrogen. 

Uric acid 



protein 


Length, 

nitrogen, 

. 

« 

nitrogen. 

Fibrinogen, Icterus 

level, 

No. 

hrs. 

mg. 

Mg. 

%• 

mg. 

mg. %. 

index. 

gm. %. 

1 

48 

2200 

1660 

75.4 

11.9 




2 

24 

1260 

950 

75.4 

4.3 

490 

0 

3.81 



Chloroform 

Anesthesia- 

—20 Minutes. 



3 

24 

1330 

1030 

77.5 

6.4 

310 

14 

3.93 

4 

24 

2050 

1610 

78.5 

9.0 

56 

8 

3.75 

5 

24 

1190 

830 

69.9 

16.6 

140 

9 

3.72 

6 

48 

1560 

1020 

65.7 

20.2 

264 

l=t 

4.30 

7 

48 

1920 

1460 

76.2 

25.5 

303 

l=t 

4.44 

8 

48 

2310 

1740 

75.2 

26.8 





Clinical Experimental History During Metabolism Study' Period 

(Table 3). 

Dog 37-177, female adult poodle terrier mongrel, was depleted by daily 
plasmapheresis and for 4 weeks before metabolism period, plasma protein 
level was below 4.6 gm.%. Diet daily consisted of ^0 gm. fresh pork liver, 
75 gm. cane sugar, 5 gm. cod liver oil, 13 gm. lard, 5 gm. bone ash, 1 gm. 
salt mixture. 

Dec. 25. Started urine collection. Ate 96% diet. Weight, 6.1 kg. 

Dec. 26. Ate 60% diet. Plasma protein level, 4.27 gm.%. 

Dec. 27, Pasted. 

Dec. 28. Chloroform anesthesia 20 minutes. No diet offered. Dog somewhat 
intoxicated and looks ill, but fairly active. 

Dec. 29. Dog obviously ill, although fairly active. Pasted. 

Dec. 30. Dog fairly active. Ate 90% diet. 

Dec. 31 to Jan. 4. Dog ate average of 90% diet. Very active. Appears nor- 
mal. Weight, 5.7 kg. 

Table 4 summarizes data from Experiments 10 and 11 on the same 
dog (37-233). Experiment 10 shows the effect of 15 minutes of 
chloroform and Experiment 11 the effect of 12 minutes of chloro- 
form anesthesia. The results of both experiments are essentially 
the same and are very similar to those obtained in Experiment 8. 
In Experiment 10 the total urinary nitrogen excreted in the 48 hours 
after anesthesia (Periods 3 and 4) was nearly twice that of the control 
periods, but this is a small absolute increase in total nitrogen. In 
Periods 5 and 6 the total nitrogen drops toward the initial control 
values. In the control periods the urea-ammonia nitrogen per cent 
has the tj^iically low values we have come to associate with the 
protein-sparing action of a diet high in carbohydrate and fat and 
very low in protein. The liver injury results in a marked rise of the 
urea ammonia fraction (Periods 3 and 4) which then falls off to 
values even lower than those of the control periods. This perhaps 
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indicates an extremely efficient reaction of conservation on the part 
of an animal that has comparatively little protein to use for repairing 
the liver injury plus replacement of general protein wear and tear. 
The uric acid excretion shows an immediate increase after anesthesia, 
rising to a maximum in Period 3 and dropping off only very slowly 
(Exp. 10). Blood fibrinogen falls and the icterus index rises due to 
the liver injury and the changes are obvious in the 4 days following 
the chloroform anesthesia. Creatine and creatinine show insignifi- 
cant changes from day to day and are not included in the table. 


Table 4.— Protein Depletion (Bleeding and Diet) Increases Susceptibility 
TO Chloroform Poisoning and Liver Injury. 


Experiment 10 — Dog 37'-233 



Period. 

. Total 

nitrogen, 
mg. 

Urea + NHj 

rt?f 

Uric acid 
nitrogen, 
mg. 

Fibrin- 
ogen, 
mg. %• 


Plasma 
protein 
level, 
gm. %. 


Length, 

hrs. 


• 

Icterus 

index. 

No. 

' Mg. 

%- ‘ 

1 

48 

1120 

625 

56 

6.9 

, , 

0 


2 

48 

1050 

695 

57 

6.4 

386 

0 

5,18 



Chloroform Anesthesia- 

—15 Minutes. 



3 

24 

1020 

722 

71 

9.2 

292 

17 

5.00 

4 

24 

1050 

748 

71 

10.4 

194 

15 

4.99 

5 

24 

796 

506 

64 

12.2 

135 

15 

4.65 

6 

24 

592 

309 

52 

10.1 




7 

48 

940 

446 

47 

20.8 

253 

1+ 

5.22 

8 

48 

891 

392 

44 

18.0 




9 

48 

842 

418 

50 

18.0 




Experiment 11- 

-Dog 37-233 







1 

48 

846 

464 

55 

6.2 

346 

0 

5.15 



Chloroform Anesthesia- 

—IS Minutes. 



2 

24 

1030 

786 

76 

22.4 

166 

17 

4.60 

3 

24 

983 

703 

72 

35.5 

78 

16 

4.82 

4 

48 

1080 

618 

57 

61.7 

131* 

15* 

4.60* 

5 

48 

885 

413 

46 

60.1 




6 

48 

832 

381 

46 

62.2 

195 

1 + 



* Average of figures for trvo 24-hour samples. 


Clinical Experimental History During Experiments 10 and 11. 
Experiment 10, Dog 37-233, Boston bull female. 

Dec. 28. Plasma protein level, 6.41 gm.%. Red cell hematocrit, 53%. Started 
bleeding and low protein diet (sugar, 118 gm.; lard, 25.5 gm.; butter, 12 gm.; 
bone ash, 3.1 gm.; salt mixture, 2.i gm.; liver extract, 2.2 gm.; thiamine, 
60 I.U.). Weight, 11.6 kg. Bleeding at intervals continued to Feb. 4. 
Ate average of 65% diet in this period. 

Jan. 30. Gave 64 mg. colloidal iron* by vein because of low hematocrit. 

Feb. 11. Gave another 64 mg. colloidal iron by vein. 

Feb. 23. Supplemented diet with 5 gm. liver daily. 

Feb. 25. Started urine collection and metabolism study. Ate 50% diet. 

Feb. 26. Ate 50% diet. 

Feb. 27 and 28. Fasted. 

Mar. 1. Weight, 9.1 kg. Chloroform anesthesia 15 minutes. Recoverj'^ rapid. 
Ate 80% diet offered. 

* We are indebted to Dr. David Loeser of Looser Laboratory Inc. for a supply 
of this material. 

VOL. 199, NO. 2. — fedhuart, 1940 S 
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Mar. 2. Somewhat ill. Refused food. 

Mar. 3. More active but refused food. 

Mar. 4. Ate 10% diet. 

Mar. 5. Ate 100% diet. 

Mar. 6 and 7. Ate average of 50% diet. 

Mar. 8 to 11. Ate average of 60% diet. Weight, 8.7 kg. Dog in good condi- 
tion at end of experiment. 

Expehiment 11, Dog 37-233. 

Mar. 15. Weight, 9.7 kg. Diet changed by removing liver extract and adding 
20 gm. fresh pork liver daily. Ate 90% diet. 

Mar. 16 to 31. Ate average 60% diet. 

Apr. 1. Started urine collection and metabolism study. 

Apr. 2. Fasted. 

Apr. 3. Chloroform anesthesia 12 minutes. Recovery rapid. Ate 40% diet. 
Apr. 4 and 5. Somewhat intoxicated and ill. Ate average 55% diet. 

Apr. 6. Ate 15% diet. 

Apr. 7 to 13. Ate average 50% diet. Dog returned to kennel in good condition, 
weighing 7.8 kg. 

Discussion. The following paper by Messinger and Hawkins gives 
experimental data indicating the importance of diet during adminis- 
tration of arsenicals and their experiments are. in harmony with the 
chloroform experiments recorded above. Practically all workers 
in this field agree that sugar and proteins have some protective action, 
that fat gives no protection and may actually predispose to liver 
injury. The older literature and theories were reviewed some years 
ago by Davis and "Whipple.® Recent experiments by Goldschmidt, 
Vars and Ravdin® show that mice are protected by protein diets 
against chloroform anesthesia. They state*® that sodium ricinoleate 
and xanthine protect against chloroform poisoning and believe the 
reaction to be non-specific. 

It is well to admit first as last that we do not have any satisfactory 
hjTiothesis to explain the toxic action of chloroform upon liver 
cells. Of all the many proposals none gives the slightest comfort 
to those who would understand why the liver cells are picked out in 
preference to other active cells rich in ferments, for example, pan- 
creas and kidney. Some authors'*’*® ascribe the chloroform injury 
to phosgene or hydrochloric acid liberated by the cellular oxidation 
of chloroform. Davis® has reported experiments which rather effec- 
tively dispose of the thesis tliat chloroform liver injury is due to dis- 
turbance of cell oxidation. The failure of large glycine feedings to 
prevent serious liver injury from 20 minutes chloroform anesthesia 
(Exp. 5, Table 1) may be used in the argument that the deamination 
of glycine in the liver (with ammonia liberated) does not protect 
against chloroform liver injury as explained on the theory of free 
hydrochloric acid derived from the cliloroform by cellular oxidation. 
"UTiatever explanation is preferred, glycine does not protect. 

There is pretty general agreement that carbohydrate does give 
some protection against chloroform liver injury In view of the 
great importance of the cell protein stores, it may be argued that 
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the eflBcacy of the carbohydrate diet is due to “protein-sparing at 
the source” and therefore is not primary but secondary. 

. Clinically and anatomically the 'protein depleted dog shows signs 
of severe liver injury (Exps. 8, 9, 10, 11) but the increase in total 
urinary nitrogen is small compared with that recorded for the 
non-depleted dog with a severe liver injury We may choose to 
explain this observation as due to a diminished store of body protein 
vulnerable to insult by toxic split products derived from the dead 
and autolyzing liver cells, or to a very efficient reaction of nitro- 
gen conservation, or both. The very low figures for percentage of 
urea and ammonia in the urine indicate that the conservation of 
nitrogenous material becomes accentuated when the liver injury is 
being repaired. 

No significant changes in creatine excretion following liver injury 
in the protein depleted dog are recorded. This is in conspicuous 
contrast to the large increases in creatine excretion observed in the 
normal or anemic non-depleted dog due to chloroform liver injury.^ 
Assuming that practically all creatine is found in the muscles we may 
relate this difference to the presence of protein stores in the muscles 
which are injured and as a result creatine is set free. The alternative 
is to us less probable— that all creatine set free is recaptured or used 
in the emergency due to protein depletion and protein deficiency. 

The large increase in uric acid excretion following chloroform in 
the depleted dog is comparable to that seen in the normal dog;^^ 
this along with the pronounced fall in blood fibrinogen is evidence 
that the liver injury produced by the short period of anesthesia 
in the depleted dog is fully as severe as that produced by the longer 
period of anesthesia in the normal dog. The fact that the enhanced 
uric acid excretion continues over a much longer period in the 
depleted dog than in the normal dog is perhaps referable to the slower 
repair of injured liver tissue in the former. 

Summary. Liver injury due to chloroform anesthesia increases 
in extent as the protein body stores are depleted. In a protein- 
depleted dog 15 to 20 minutes of chloroform anesthesia is frequently 
fatal with extensive hyaline liver necrosis and the typical picture 
of chloroform poisoning. Twelve minutes of chloroform anesthesia 
in a protein-depleted dog will cause moderately severe liver injury. 
Protein depletion is effected by low protein diets alone or combined 
with bleeding or plasmapheresis. 

Control experiments in dogs without protein depletion indicate 
that 90 minutes of chloroform anesthesia can be tolerated with but 
little liver injury. 

In the depleted dog xanthine subcutaneously or glycine by mouth 
do not protect, but a single large protein feeding 36 hours before 
chloroform anesthesia may protect against liver injury. 

In contrast to the non-depleted or anemic dog the urinary creatine 
does not increase after liver injury in these protein-depleted dogs. 
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The protein-depleted dog compared with the non-depleted dog 
after chloroform liver injury shows relatively little increase in total 
minary nitrogen. 

There is a conspicuous increase in uric acid excretion in these 
depleted dogs after chloroform liver injury, perhaps due in part to 
liver function impairment and disturbance of its normal capacity to 
convert uric acid to allantoin. 
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ARSPHENAMINE LIVER INJURY MODIFIED BY DIET, PROTEIN 
AND CARBOHYDRATE PROTECTIVE, BUT PAT INJURIOUS. 

By W. j. Messinger, M.D., 

VOLtJNTABY ASSISTANT IN PATHOLOGY, 

AND 

W. B. Hawkins, M.D., 

ASSOCIATE PROFESSOR OF PATHOLOGY, 

ROCHESTER, N. Y. 

(From the Department of Pathology, The University of Rochester School of Medicine 

and Dentistry.) 

Since the arsenical compounds have proved so effective in the 
antisyphilitic treatment, countless numbers of patients receive such 
drugs for extended periods. One of the not too uncommon compli- 
cations arising from the use of arsenicals is injury of the liver of 
varying degrees of severity. The problem as to how to prevent and 
treat such injuries continuously confronts the clinician. Since. 
Davis and "^^Tiipple- demonstrated that carbohydrates protected the 
liver against chloroform injury and also aided in its regeneration, 
it has been customary practice to administer carbohydrates in 
liberal amounts in any type of liver injury. 

In 1931 Craven^ reported that he, found a high fat diet most 
efficacious in preventing “acute yellow atrophy” of the liver of 
dogs, due to arsphenamine. Both protein and carbohydrate diets 
were reported as inferior. He based his findings on the histologic 
changes present in the livers. Schifrin^ stated that contrary to 
Craven’s report he found a protein diet was more satisfactory than 
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fat in minimizing arsphenamine injury and that from histologic 
study regeneration was more rapid and complete with the meat diet. 

Obviously the question of arsphenamine liver injury which is of 
acute interest to the clinician is open for discussion, with conflicting 
claims coming from relatively similar experiments. 

In our experiments we have used comparable types of diet and the 
evidence is clear-cut that the meat diet is very effective in protect- 
ing the liver against arsphenamine injury. Carbohydrate is of dis- 
tinct protective value. Fat diets are deleterious, as the injury that 
follows the injection of arsphenamine may be severe and progressive 
with death resulting from liver insufficiency. 

In confirmation of the value of protein as a protective agent against 
liver injury are the data reported by Miller and Whipple in an 
accompanying paper. They have demonstrated that when the 
protein stores of a dog are depleted that the liver becomes very 
sensitive to chloroform and that extensive injury results from only 
15 to 20 minutes of light chloroform anesthesia. 

Methods. The dogs used -were all healthy young mongrel adults weighing 
from 10 to 17 kg. In each experiment there was as a rule 1 dog on each 
type of diet and the arsphenamine was given according to weight. The 
initial dose was 0.03 gm. per kg., with increase from week to week as indi- 
cated in the tables. A standard brand of arsphenamine was used and the 
same lot of drug was given throughout an experiment so that any possible 
variations in toxicity of different samples are ruled out. The drug was 
injected by means of a gravity burette into the external jugular veins. 

The carbohydrate diet consisted of steamed rice, cane sugar, 20 gm.; 
dextrose, 15 gm.; Wesson salts, 4 grn.; cod-liver oil, 5 cc.; thiamine chloride, 
33 units; KUm, 10 gm. (a whole milk powder), with water added to make 
it into a semifluid mass. From 600 to 800 gm. of this mixture was fed 
daily and the dogs maintained their weight. By macro-Kjeldahl analysis 
this diet contained an average maximum protein value of 3.5%. 

The fat diet was composed of lard, 70 gm. ; protein-free butter fat, 50 gm. ; 
cod-liver oil, 50 cc.; kaolin, 2 gm.; bone ash, 4 gm.; Wesson salts,^ 4 gm.; 
and thiamine 'chloride, 33 units. The dogs ate the diet satisfactorily and 
were maintained in good clinical condition. 

The protein diet consisted of 1 pound of hamburg with low-fat content. 

The icteric index was estimated directly on plasma obtained from centri- 
fugalized oxalated blood samples in hematocrit tubes, comparing vdth color 
standards according to the method of Farahaugh and Medes.® 

Experimental Observations. Since all the experiments were carried 
out under standard conditions we have listed the dogs in tables 
according to the diet fed, rather than discussing each of the experi- 
ments separately. Such grouping of the dogs allows for more brevity 
and also for more clarity of exposition and brings out contrasts 
between the three groups. 

All of the dogs (Table 1) except 38-169 were fed their protein diet 
for 1 week before the initial injection of arsphenamine. Dog. 38-169 
for a month preceding the meat diet received kennel diet plus 
-o pound of salmon so as to be certain its protein stores would be 
replete. Under the heading icteric index the “0” day represents 
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the day of injection and the control level of the icteric index found 
in the sample of blood withdrawn just prior to the injection of the 
drug. 


Table 1. — Photein Diet. 

Icteric index. 


Dog. 

Arsphenamine, 

gm./kilo. 


Days after injection. 

Biopsy 

liver 


0* 

1 

2 

3 

4 6 6 7' 

injury. 

38-53 . . 

. . . 0.030 

0 

2 

1 





0.035 

0 

5 

3 





0.040 

2 

3 

2 



Slight 

38-169 . 

. . . 0.035 

0 


0 

0 




0.040 

0 

0 

1 

0 




0.045 

0 

0 

0 




38-19 . . 

. . . 0.040 

0 

2 

1 

1 

0 



0.045 

0 

0 

0 




38-94 . . 

. . . 0.035 

0 

3 

2 





0.040 

0 

0 

1 





0.045 

0 

1 

0 

0 


Slight 

38-62 , . 

. . . 0.030 

0 

I 

0 





0.035 

0 

0 

— 

0 

0 



0.040 

0 

— 

0 

0 




0.045 

— 

1 

1 





0.050 

1 

- 

2 

2 

- 1 

Slight 


Arsphenamine injected at weekly intervals. 

It is apparent that the high-protein diet was most effective in 
protecting the liver against severe injury, as at no time tvas there 
any conspicuous elevation of the icteric index. Histologic examina- 
tion of the livers showed minimal injury. The dogs continued to 
eat their full ration and never showed the slightest evidence of 
clinical intoxication. 

Dog 38-53 was killed with ether on the third day after the last 
injection and autopsied together with the dog on the high-fat diet 
which became very ill following the third injection of the drug. 
At autopsy no gross abnormalities were found in Dog 38-53. Histo- 
logic sections of the liver showed that cells in the central area had 
been injured and the cell debris cleared away leaving collapsed 
stroma. Occasional portal areas showed similar loss of cells but 
the lesion was mainly central. There were some phagocytic cells 
containing brown pigment which was apparently lipochrome in 
character. Special stains revealed no fat and some glycogen was 
found in li\’er cells. 

Biopsy of the liver of Dog 38-94 showed a minimum amount of 
injury with loss of a few cells in the central areas. Biopsy was done 
on the sixth day after the last injection of the drug. In portal areas 
there were occasionally a few necrotic liver cells surrounded bj’’ 
neutrophils. Some glycogen was present in the liver cells but no fat. 
Pigmented phagocji;ic cells were to be seen in the areas that had 
been injured. 
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Biopsy froiQ Dog 38“62 on the tliird. dny after the last injection 
showed a similar picture as regards extent of damage. Occasional 
mitotic figures were present indicating regeneration. 

Table 2. — Cakbohydbate Diet. 




. 



^ 


^ 

Autopsy 


Arsphenamine, 


Days after injection. 

liver 

Dog. 

gm./kilo. 

o” 

1 

2 

3 4 

5 6 7 

injury. 

38-189 . 

. . . 0.040 

0 

0 

0 

1 

0 




0.045 

0 

1 

0 






0.050 

0 

1 

2 





38-179 . 

. . . 0.035 

0 

— 

0 

0 





0.040 

— 

2 

0 

0 





0.045 

— 

0 

0 





38-50 . . 

. . . 0.030 

0 

0 

0 

_ 

0 




0.035 

0 

— 

4 

1 





0.040 

1 

3 

2 




Slight 

38-96 . . 

. . . 0.035 

0 

24 38 




Lethal 

38-63 . . 

. . . 0.030 

0 

0 



0 

0 




0.040 

0 


2 

1 





0.045 

1 

— 

2 

1 





0.050 

3 

3 

7 

9 



Slight 

38-143 . 

. . . 0.030 

0 

8 

3 



5 




0.035 

4 

6 

— 

19 

21 

12 - 12 



0.040 

0 

— 

4 

4 





0.045 

4 

— 

7 

6 





0.050 

6 

— 

12 

— 

15 


Moderate 


The dogs received the carbohydrate diet for a week previous to 
the first injection of the drug. Dog 38-179 was fed | pound of 
salmon on the kennel diet for a month prior to the carbohydrate 
feeding, so its stores of protein must have been adequate. If we 
momentarily disregard Dog 38-96 and Dog 38-143, it then appears 
that on comparable regimens these carbohydrate dogs have an 
icteric index picture closely simulating that of the protein dogs. 
The histologic sections, however, reveal that there was a little 
more injury to the liver and the dogs did show slight intoxication 
following the injection of the drug, as they left some food for a day 
or two. Recovery was prompt, however. 

Dog 38-96 was apparently very susceptible to the arsphenamine, 
as the initial dose of 0.035 gm. per kg. caused severe reaction. It 
showed diarrhea, bouts of vomiting, and on the morning of the third 
day was found dead. Autopsy revealed generalized jaundice, and 
petechial hemorrhages were present in the subcutaneous tissues. 
The liver grossly was light bromi in color with numerous pin-point 
red and yellow areas on the surface. The cut surface was friable, 
and central areas were red in color and tended to be sunken below 
the surface. Sections showed extensive hyaline necrosis with neu- 
trophil infiltration with only a few liver cells remaining about the 
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portal areas and some of them contained fat. No glycogen was 
found in the persisting liver cells. 

Dogs 38-50, 38-63, and 38-143 were killed with ether on the 
second or fourth day after the last injection and autopsied at the 
same time as comparable dogs on the fat diet. Grossly, the organs 
presented a normal appearance. 

The sections of liver from Dog 38-50 again showed only slight 
injury in the central areas with loss of a few liver cells. No areas 
of hyaline necrosis were found. Pigmented phagocytic cells were 
present in the injured areas. The liver cells contained a large 
amount of glycogen and no fat was present. The liver of Dog 38-63 
was similar in appearance. 

Dog 38-143 showed more injury, as these areas about central 
and portal areas were larger. No hyaline necrosis was found, but 
there was loss of liver cells with numerous pigmented phagocytic 
cells. There was only a moderate amount of glycogen in the liver 
cells and no fatty degeneration was apparent. 

It is apparent that carbohydrate afforded protection but not quite 
as much as the meat diet. 

Table 3. — Fat Diet. 




. — 


Autopsy 

Dog. 

Arsphenamine, 
gm. /kilo. 


Days after injection. 

liver 

injury. 

o” 

1 2 3 4 5 6 7' 




38-211 . . 

. . . 0.035 

. 2 

- 4 2 



0.040 

2 

15 16 35 48 


38-54J . . 

. . 0.030 

0 

0 0 



0.035 

0 

6 2 



0.040 

2 

24 51 

Slight 

38-158* . . 

. . 0.040 

0 

4 3 2 0 



0.045 

0 

19 79 159 

Moderate 

38-52t . . 

. . 0.035 

0 

- - 46 52 45 



0.040 

39 

— 

Lethal 

38-48 . . . 

, . . 0.030 

0 

9 4 6 



0.035 

4 

6 6 8 13 7 



0.040 

6 

8 6 



0.045 

5 

13 13 7 - - 



0.050 

18 

- 83 

Moderate 

38-67 . . . 

. . . 0.035 

0 

6 4 3 2 



0.040 

2 

4 4 4 



0.045 

0 

10 15 21 35 30 

Severe 

38-62 . . 

. . . 0.035 

0 

- 8 IS 11 9 



0.040 

7 

10 13 19 10 9 



0.045 

7 

- 23 

Moderate 


* 10% protein added to fat diet. t 20% protein added to fat diet, 

t 30% protein added to fat diet. 


In Table 3 the data obtained from the high-fat diet dogs are 
tabulated. Dog 38-211 received kennel diet and ^ pound of salmon 
for a month prior to receiving the fat diet. All of these dogs showed 
a drop in total plasma proteins after being on the fat diet from 7 to 
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10 days. This change was, on the average, a fall from a normal 
value of 6.4% to a lower value of about 5.5%. The carbohydrate 
dogs did not show any decrease in their plasma protein levels. 
This decrease in plasma protein, although slight, may be an indi- 
cation that protein stores were being drawn upon, since the fat diet 
would scarcely protect the protein stores as carbohydrate may do. 

All of the fat-fed dogs were easily injured by the arsphenamine, 
as indicated by the icterus that developed. On continued adminis- 
tration of the drug, progressive jaundice developed and intoxication 
was so marked that death occurred; or they were killed with ether, 
because it was obvious that death would ensue. The addition of 
varying amounts of protein to the fat diet of 3 of the dogs had no 
significant mitigating effect on the toxic reaction. 

Dog 38-52 was found dead on the morning after the second injec- 
tion. Its initial response to the first dose of the drug was severe, 
as seen in the table, and we were not surprised at the early fatal 
outcome. The other dogs were killed with ether, except Dog 38-21 1 
which will be discussed under Table 4. 

At autopsy, all the fat-fed dogs showed generalized jaundice 
and some eiAibited bleeding tendencies due to lack of fibrinogen, 
prothrombin, or both. The livers were a light brown-yellow in 
color and obviously fatty. They tended to be friable and the 
central portions of the lobules frequently were depressed slightly 
below the surface. The dogs were killed and autopsied on the 
second, third, or fifth days after the last injection of arsphenamine. 

Dog 38-52 showed very extensive liver injury as at least one-half 
of each lobule had been destroyed. All liver cells about the central 
areas were gone and there was hemorrhage and wandering-cell 
infiltration with considerable brown pigment in the large phagocytic 
cells. On the periphery there was fatty degeneration, and it was 
only about portal areas that one found relatively normal-appearing 
liver cells. With special stains even these latter cells were found to 
contain fat. No glycogen was present. 

Dog 38-54 showed generalized fatty degeneration, but only occa- 
sional necrotic liver cells. Bile canaliculi contained brown inspis- 
sated bile. No glycogen remained. 

Dog 38-48 showed a moderate degree of fatty degeneration with 
a little gl 3 ’’Cogen persisting. There was collapse of central areas 
with loss of liver cells. Some mitotic figures were present and there 
were manj”^ pigmented phagoej’^tic cells. Areas of injurj^ were found 
about portal regions also. 

Dog 36-159 showed marked fatty degeneration with areas where 
liver cells had been destrojmd and one saw only stroma and phago- 
ctyic cells. Both central and portal regions were involved. There 
was some gl.ycogen in better preserved liver cells. Kidnej'^ tubules 
contained bile-stained material and some of the epithelium of col- 
lecting tubules contained fat. 

Dog 38-67 showed hj^aline necrosis of approximatelj' one-quarter 
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of eacli lobule and in addition there was evidence of previous loss 
of cells. Phagocytic cells containing brown pigment were present. 
The lesion was both central and portal in distribution. Fat was 
present in many of the remaining liver cells and no glycogen was 
found. 

Table 4. — The Effect of Intekchanging Diets. 


Dog. 

38-211 


38-169 


38-189 


38-179 


38-19 


Diet. 

Arsphenamine, 

gm./kilo. 

Protein 

None 

0.045 

0.040 

0.045 

Fat 

None 

0.050 

Fat 

0.040 

0.045 

Protein 

None 

0.050 

Fat 

None 

Fat + 20% 
protein 

0.050 

Carbohydrate 

None 

Fat -t- 20% 

None 

protein 

0.050 

Fat 

0.040 

0.045 

0.050 

Fat 

None 

0.050 

Carbohydrate 

None 

0.050 

0.050 


Icteric index. 


Days after injection. 


01234567 
48 - 24 

21 20 13 - - - 10 

5 4 4 3 
2 2 2 2 2 
2 - - - 21 
21 - 26 - - 

0 5 4 4 
3 21 28 34 37 
37 21 

6 6 5 -4 

3 - 5 27 26 - 11 

0 12 25 - 77 

77 63 - 14 
14 14 12 8 

7 - 48 55 

2 12 10 6 
2 4 4 3 2 
7 17 33 16 

0 4 

4 16 16 

16 

2-42 

1-21 


Dog 38-62 previously had been fed protein and a biopsy taken 
after 5 injections of the arsphenamine showed only minimal injury 
as described. After it had been on a fat diet and had received 
3 doses of arsphenamine, the liver sections showed extensive injury 
with loss of liver cells in portal or central areas. There was some 
fatty degeneration, and some necrotic liver cells were to be seen. 
There were mitotic figures indicating attempted repair. No glyco- 
gen was present. 

Review of these sections indicates different types and different 
grades of injury and it is impossible to predict from histologic 
changes what the icteric index might be or how severe was the state 
of intoxication. 

In Table 4 we have listed a group of animals who have previously 
appeared in the other tables according to the diet fed them. When 
Dog 38-211 on the high-fat diet became toxic and inactive with an 
icteric index of 48, as seen in Table 3, we substituted the protein 
diet for the high-fat diet in an effort to save this animal. Promptly 
the icterus level began to fall and the dog became active again. 


00 J 
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Despite 3 subsequent arsphenamine injections, the bilirubinemia 
continued to decrease and the dog appeared well. Once again, as 
seen in Table 4, the dog was returned to its original high-fat diet, 
and after 4 days the icteric index had risen from 2 to 21 units 
simply on change from protein to fat diet without further arsphena- 
mine. We shall again refer to this phenomenon of apparent “ delayed 
jaundice.” 

Further evidence that Dogs 38-169 and 38-179 were really pro- 
tected by their respective protein and carbohydrate diets and not 
refractory to arsphenamine appears when both were placed on fat 
diets for 1 week and then injected again as indicated in Table 4. 
Dog 38-169 in particular showed the typical progressive jaundice 
on the high-fat diet and at the maximum time of injury it had an 
icteric index of 37, was listless and toxic. We again resorted to the 
protein diet to save this animal. The icterus soon began to clear 
and despite another injection of arsphenamine the icterus continued 
to recede, as the table shows, and the animal remained in sueh excel- 
lent condition that it could be used in the following experiment. 

In an effort to reproduce the “delayed jaundice” observed in 
Dog 38-211, the protein diet of Dog 38-169 was now withdrawn 
and replaced again by the high-fat diet. As indicated in Table 4, 
without any further administration of arsphenamine, the dog’s 
plasma bilirubin showed a sharp increase from 3 to 27 units by the 
fifth day. On the sixth day the icteric index was still 26 and then 
gradually returned to normal. 

The results of feeding the fat diet to protein Dog 38-19 are indi- 
cated in Table 4 by the slight but definite “ delayed jaundice.” The 
further injurious effect on this dog of another injection of arsphena- 
mine is apparent. Upon again changing this dog’s diet from fat to 
carbohydrate, we see a diminution of the icterus and lack of injurious 
response despite further arsphenamine administration. 

Carbohydrate Dog 38-189 was placed on a fat diet plus 20% 
protein since little injurious response was obtained on its original 
carbohydrate diet. After eating the fat diet for a week it was 
injected as shown in Table 4 and developed the usual severe toxicity 
and bilirubinemia the dogs on these diets show. The beneficial 
effect of replacing the fat diet by carbohydrate is further demon- 
strated. An attempt to reproduce “ delayed jaundice ” by reversion 
to the fat diet failed here, but the prompt injurious response of the 
animal on the fat diet again to arsphenamine was demonstrated, 
despite the added protein in the fat diet. 

Discussion. It is of importance to appreciate the fact that even 
the initial dose of arsphenamine given to these dogs is large. When 
one considers that an 11-kg. dog receives a minimum of 0.33 gm. 
of the drug in a single dose, as compared to 0.4 gm. therapeutic 
dose for a 66-kg. man, it is to be expected that the liver should be 
injured regardless of the diet fed. Sections of the livers of all the 
dogs show that some injury has occurred. In the case of the protein- 
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fed dogs, it is minimal and the liver derangement is so slight that 
the function of eliminating bile pigments has not been particularly 
disturbed. In the carbohydrate group the degree of injury as 
indicated by the icteric index and the histologic changes in the liver 
varies, but it compares in no way with the extensive damage and 
dysfunction as exliibited by the fat-fed dogs. 

One should note well the fact that dogs that had been protected 
by meat or carbohydrate diets, when changed over to the fat diet, 
sustained severe liver injury upon subsequent injection of arsphena- 
mine. This demonstrates that these dogs were not refractory to 
the drug and also indicates that high-fat diet is injurious, even thougli 
the animals’ stores of protein may be high. 

Conversely, when the fat-fed dogs were severely jaundiced and 
intoxicated and would not eat well, there was immediate improve- 
ment in their condition when the diet was changed to protein or 
carbohydrate. No further injury occurred to their livers when 
arsphenamine was subsequently injected. 

Further evidence that fat is deleterious is indicated by the data 
in Table 4. Some of the dogs showed a decided increase in their 
icteric index when their diets were changed to fat, even though no 
more arsphenamine was given during the period of fat diet. It is 
possible that this “delayed jaundice” is caused by fat deposited in 
the liver which renders the cells susceptible to some arsenic that 
was present in the body from previous injection. It is not just a 
flight of fancy to consider that delayed liver injury as displayed 
by some human beings may be related to their dietary r%ime. 

A high-fat diet may be injurious due to its requirements of sugar 
for its combustion. This would imply a drain first on the carbo- 
hydrate stores and finally on the protein stores. The total plasma 
protein of the fat-fed dogs showed a slight decrease after 7 to 
10 days’ feeding and this may be of significance, indicating that the 
dogs were calling upon their protein stores. 

We believe Craven’s conclusions are in error mainly because he 
killed his animals at the first sign of serum jaundice. Deductions 
drawn from the histopathologic changes in the livers of dogs killed 
at this stage of the injury could readily lead one to error. It is 
necessary to follow the animals over considerable periods to observe 
the icteric index and general clinical developments. 

Schifrin^ disagreed with Craven’s conclusions, as he found the 
protein-fed dogs showed the least injury and that the liver regen- 
erated best on the meat diet. 

The value of protein as a protective agent appears to be clearly 
established, but further studies are required to learn the why of its 
beneficial effects. It has been customary to give liberal amounts 
of carbohydrate to patients with liver injury. Some clinicians con- 
sider that protein should be restricted in order not to tax the dam- 
aged liver. In om* experiments, the dogs with severe liver injury 
showed marked improvement when the fat diet was changed to 
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protein and there was not the slightest evidence that the meat diet 
was in any way injurious. We suggest that in the face of liver 
injury a diet of protein and carbohydrate may prove to be of more 
value than carbohydrate alone. 

Summary. "SYhen dogs are given arsphenamine in doses of 
0.03 gm. per kg. or higher, liver injury results to a greater or lesser 
degree depending on the diet fed. Protein is found to be most 
effective in protecting dogs against arsphenamine liver injury. On 
a protein diet the liver injury is trivial and promptly repaired. 
A carbohydrate diet also is beneficial, but is not as uniformly 
protective and the liver injury may be somewhat greater. Fat has 
proved to be deleterious, as the arsphenamine dogs show marked 
progressive jaundice, severe liver injury, and may become intoxi- 
cated to the point of death. 

In certain instances dogs that had been protected by protein or 
carbohydrate showed a progressive increase in the icteric index when 
changed over to the fat diet, even though no additional arsphena- 
mine was injected. 

When fat-fed dogs that showed severe intoxication due to arsphen- 
amine injury were switched to protein or carbohydrate diets they 
immediately recovered from the intoxicated state and the icteric 
index decreased. Subsequent injections of arsphenamine caused no 
ill-effects as long as the dogs remained on either the protein or 
carbohydrate diet. 
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USE OF VAPORIZED BRONCHODILATOE SOLUTIONS IN 
ASTHMA AND EMPHYSEMA. 

A Continuous Inhalation Method for Severe Asthmatic 

States. 

By Dickinson W. Richards, Jr., M.D., 

ASSOCIATE PROFESSOR OF CUNICAI, MEDICINE, COLUMBIA UNIVERSITY, 

Alvan L. Barach, M.D., 

ASSISTANT PROFESSOR OF CLINICAIi MEDICINE, COLUMBIA UNTVERSITV, 

AND 

Henry A. Cromwell, M.D., 

ASSISTANT PHYSICIAN, PRESBYTERIAN HOSPITAL, 

NEW YORK CITY. 

(From the Department of Medicine, Columbia University, and the Presbyterian 

Hospital.) 

Inhalation of vaporized solutions of bronchodilator drugs by 
patients with asthma or emphysema has been used for many years. 
In simplicity of technique, rapidity of action, and in relative freedom 
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from constitutional side-effects, this method offers practical advan- 
tages over the administration of similar drugs by mouth or by hypo- 
dermic injection. The extent of distribution and absorption of such 
solutions, administered by methods of continuous or intermittent 
inhalation, was studied some years ago by Heubner.® Lageder'^ 
observed increase in vital capacity and velocity of breathing, as 
well as beneficial clinical results, following continuous inhalation 
of 1 : 1000 epinephrin vaporized over 20-minute periods. 

The most important advance in practical therapy was made 
by Graeser and Rowe^ in 1935, with the introduction of a more 
concentrated (1:100) solution of epinephrin, used in a hand-bulb 
atomizer that provided a fine vapor suitable for inhalation. Oral 
inhalation of vaporized 1:100 epinephrin solution has since been 
widely used for relief and prevention of asthmatic attacks. 

In his most recent paper, Graeser® has presented an excellent 
brief review of earlier work, together with some further observations 
on the use, by the hand-bulb atomizer, of solutions of epinephrin 
of various concentrations, and of certain other solutions, notably 
ephedrin sulphate 10%, and neosynephrin 5%. Graeser concluded 
that epinephrin 1:100 was, under average conditions, the most 
practical for the inhalation therapy of bronchial asthma. In some 
instances, a 1:50 concentration was found to be more effective; in 
others, 1 : 200, or lower, was adequate. Inhalation of 10 % ephedrine, 
or of 5 % neosynephrin solution, did not give relief. In some instances 
with children, the use of a mask apparatus, with a motor blower 
providing a continuous vaporization, was necessary. 

It is generally recognized that the hand vaporizer with 1:100 
epinephrin solution, has both limitations and disadvantages: 1, It 
is usually employed for only a few seconds at a time, and the appli- 
cation of the vapor to the bronchial mucous membranes is therefore 
brief; often insufficient in more severe asthmatie attacks; 2, even the 
squeezing of the nebulizer and the repeated deep inhalations may 
be exhausting to a very ill or dyspneic patient; 3, epinephrin 1:100 
on prolonged use may be drying and irritating to mucous membranes 
(Galgiani, Proescher, Dock, and Tainter®); 4, this solution, if used 
intensively or repeatedly over long periods, will in some eases pro- 
duce undesirable systemic effects, such as headache, palpitation, 
nervousness, tremor, and so on. 

In an attempt to overcome some of these difficulties, we have 
employed a simple technique for contimiovs inhalation of vaporized 
bronchodilator solutions. This consists in the use of a pressure tank 
of oxj'gen, with the usual reducing valve to regulate flow; attaching 
the outflow tube to the vaporizer and running in oxygen, at a flow 
sufficient to produce adequate vaporization. A small motor blower 
unit can be used instead of a pressure tank; but in our experience, 
these units usually convey a slight odor to the vapor, which is 
often disagreeable to the patient. 



VAPORIZED BRONCHODIEATOR SOLUTIONS 


227 


With a flow of 4 to 7 liters per minute, 1 cc. of solution will be 
vaporized in from 3 to 10 minutes. The patient simply holds the 
nozzle of the vaporizer in his oro-pharynx, and breathes quietly; 
no additional effort is needed. 

Two advantages are obtained by this technique: 1, A larger 
amount of solution is brought into contact with the bronchial mucous 
membrane than is possible with the use of the hand-bulb, and without 
effort on the part of the patient. The technique is thus more effective 
for the very ill bed patient in a severe asthmatic state. 2, Less irri- 
tating solutions, with milder bronchodilator action, are often effec- 
tive in suppressing moderate asthmatic attacks when given by the 
continuous technique, whereas they are ineffective when used with 
the hand spray. This is of particular advantage in patients who 
suffer from dryness and irritation of the air passages after inhalation 
of vaporized 1 ;100 epinephrin solution, or when constitutional side- 
effecte occur; especially if such patients have to use the spray fre- 
quently during the day, and over prolonged periods of weeks or 
months. 

Neosynephrin hydrochloride is a mild bronchodilator of this type. 
This substance is chemically closely similar to epinephrin hydro- 
chloride, differing only in having one, instead of two, hydroxjd 
radicals attached to the benzene ring. It is established as effective 
in constricting nasal mucous membranes by topical application.^-®-^^ 
Neosynephrin is said (Fitzhugh*^) to induce a more lasting vaso- 
constriction than either ephedrin or epinephrin, when applied locally. 
After-effects of dryness, irritation, and engorgement apparently do 
not occur. By subcutaneous injection, this drug has little effect in 
relieving asthma. 

Procedure. The technique of continuous vaporization of broncho- 
dilator solutions has been used at the Presbyterian Hospital during the last 
18 months, for the treatment of bronchial asthma, and for asthmatic attacks, 
dyspnea, and cough in patients with pulmonary fibrosis, chronic emphysema 
and certain cases of bronchopneumonia. Tlrough administered for the most 
part to bed patients, it has also been tried in ambulatory patients in the 
Asthma Clinic and the Chronic Chest Disease Clinic. 

As stated above, a single treatment consisted in the vaporization, over 
3 to 10 minutes' time, of 1 or 2 cc. of bronchodilator solution, the subject 
holding the nozzle well within his oro-pharynx and breathing quietly 
throughout the procedure. 

As a vaporizer we used the “Vapeo” and the “Vaponefrin” models. 
Both were satisfactory; the Vaponefrin apparatus produced a somewhat 
more voluminous vapor stream. 

Solutions.* In addition to 1 to 100 epinephrin solution, and 1 to 100 
neosynephrin solution, we tried mixtures of epinephrin and neosynephrin, 
and “Vaponefrin” solution, a proprietary product whose composition is 
stated by the manufacturer to “contain 1 to 100 epinephrin, and 0.5 per 
cent chlorbutanol.” 

* The neosynephrin solution used in this study was supplied through the courtesy 
of Frederick Steams & Co.; the Vaponefrin vaporizers and solution through the 
courtesy of the Vaponefrin Company. 
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Results. In addition to clinical results observed, an attempt was 
made to obtain an objective measure of change in pulmonary func- 
tion, in patients who were not seriously ill and who could cooperate 
in performing respiratory tests. Pulmonary ventilation, vital capac- 
ity, and maximum ventilatory capacity were measured in a number 
of such patients. 

There were no consistent changes in resting pulmonary ventila- 
tion. 

Considerable and significant increase in vital capacity was noted, 
following continuous inhalation of the spray, in most of the cases 
of chronic fibrosis and emphysema, and in a number of asthmatic 
subjects. The results in 26 unselected cases are given in Table 1. 
This series consisted in 12 ambulatory cases of asthma, studied in 
the Asthma Clinic, 3 ambulatory cases of chronic ’ emphysema 
and 9 hospitalized cases of chronic pulmonary disease of various 
types. 

In general, the degree of relief obtained was approximately pro- 
portional to the increase in vital capacity. 

The ambulatory asthmatic subjects coming in to the Clinic were 
given the inhalation whether they were having asthmatic symptoms 
at the time, or not. This probably accounts in part for a large 
discrepancy in vital capacity change, in individual cases. 

In a few instances we have had patients in status asthmaticus 
who have responded to continuous inhalation spray when otlier 
measures have failed. These patients were usually too ill for any 
respiratory measurements. 

Such a case was N. R., a Post Office clerk of 33, who had had bronchial 
asthma for 4 years. For 2 days prior to his hospital admission, he had been 
in an almost continuous astlunatic state. This attack had not responded 
to epinephrin given hypodermically every 2 hours, nor to ephedrin by 
mouth, about 15 tablets a day. After admission to the hospital, a further 
injection of epineplirin, and 1 of morphine and atropine, gave no relief. 
Dyspnea and cough were severe. Half an hour later an inhalation spray, 
consisting of 7 drops of epinephrin 1 to 100 and 10 of neosynephrin 1 %, was 
given continuously over a 15-minute period. The change in the patient’s 
condition following the inhalation spray was immediate and striking. Pulse 
dropped from 130 to 100, respirations from 60 to 40, inspiratory stridor dis- 
appeared and expiratory stridor was much decreased. Subjectively, 
dyspnea was reheved. During that night the spray was used 4 times, bring- 
ing marked relief on each occasion. No other medication was used except 
for nasal oxi-^gen, and amytol tablets. During the ensuing 3 days, the spray 
was used at frequent interA’^als, for recurring severe asthma. He was much 
improved. On the fourth day, he was found to respond again to epinephrin 
hypodermically. Subsequently, the maxillarj’’ sinuses were drained, and 
the asthma gradually subsided. 

The subjects with chronic pulmonary disease were having more 
continuous sjTnptoms, of dyspnea, asthma, and cough, than the 
ambulatory asthmatic cases, and, as would be expected, their 
responses to the continuous spray were more uniform. 
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Table 1. — Vital Capacity Before and After Continuous Inhalation 

Spray. 


Disease. 

No. of 
cases. 

Type of 
treatment.* 

Total 
number of 
treatments 
given. 

Average vital capacity, cc. 



change. 

1. Bronchial asthma 

14 

Epinephrin. 

10 

2230 

2485 

-1-11.5 



Neosynephrin 

18 

2090 

2340 

-t-11.9 



Vaponefrin 

4 

1635 

2045 

-f-25.1 



Neo.-epi. 

2 

2350 

2410 

+ 2.6 

2. Chronic emphysema. 

9 

Epinephrin 

7 

1745 

1905 

+ 9.2 



Neosynephrin 

19 

1880 

1 2080 

+ 10.6 



Vaponefrin | 

2 

1525 

I 2000 

+ 31.0 



Neo.-epi. 

6 

1495 

1660 

+ 11.0 



Neo.-vapo. 

3 

1585 

1835 

+ 15.8 

3. Tuberculosis and pul- 



1 


1 


monary fibrosis 

1 

Neosynephrin 

1 

1000 

1080 

+8.0 

4. Ayerza’s disease . 

1 

Epinephrin 

1 

2100 

2340 

+ 11.4 



Neosynephrin 

1 

1630 

2240 

+ 37.4 

5. Emphysema and cor- 





1 


onary sclerosis 

1 

Neosjmephrin 

1 

4790 

5100 

+ 6.5 


* Epinephrin. = 1 : 100 epinephrin solution; neosynephrin = 1 to 100 neosynephrin 
solution; Vaponefrin = Vaponefrin solution; Neo.-epi. == mixture of neosynephrin 
and epinephrin; Neo.-vapo. = mixture of neosynephrin and Vaponefrin. 


In certain instances the change in maximum breathing capacity, 
that is, the maximum volume of ventilation that the subject could 
accomplish by voluntary effort,® proved a better index of improved 
pulmonary function than vital capacity. Table 2 gives comparative 
results in measurement of maximum breathing capacity in 7 cases. 

Of the 12 cases of chronic pulmonary disease listed in the tables, 
all but 2 received appreciable clinical relief from the continuous 
spray. In 3 instances, the method has since been used successfully 
by the patients at home for periods of a year or more. 

In 1 case, continuous inlialation of neosynephrin vapor brought 
relief of asthma where epineplirin in any form could not be tolerated. 
This was B. S. (Table 2), with bullous emphysema and an associated 
asthmatic dj'spnea. Epineplirin hj’podermically always produced 
in this patient severe constitutional symptoms; epinephrin • spray 
caused caiiillary hemorrhage from the bronchial mucous membranes. 
After inhalation of 1.5 cc. of neosynephrin a period of asthmatic 
dyspnea cleared in about 10 to 15 minutes. There was a small 
increase in vital capacity, and a considerable increase in maximum 
breathing capacity (Table 2). 

Patient G. G. (Table 2) had decided relief from cough following continuous 
neosjmephrm inhalations, though these produced almost no appreciable 
either m vital capacity or maximum breathing. This was a woman 
ot 40,- nitlx far advanced bilateral tuberculosis and associated pulmonaiy 
nbrosis, vho was suffering from obstructive dyspnea at rest, which was 
present constantly, but aggravated bj’' severe spasmodic attacks. The 
obstructive breathing was both inspiratory and expiratorj’’. Bronchoscopj’’ 
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showed only marked bronchial spasm, with stiff, contracted bronchi. She 
had an arterial oxygen saturation of 87%. There was no appreciable 
change in vital capacity either on continuous spray, or after epinephrin 
hypodermically. The patient felt subjectively reUeved after the spray, 
however, and was able to raise sputum. 


Table 2. — Maximum Breathing Capacity Before and After Continuous 

Inhalation Spray. 


Case. 

Diagnosis. 

No. 

obs. 

Treatment. 

Majdmum 

ventilation, 

liters/min. 

Remarks. 

Before. 

After. 

F. H. 

Emphysema 

1 

Neosynephrin, 1 cc. 

27.0 

37.1 

Hypodermic 



1 

Epinephrin, 1 co. 

34.1 

45.1 

more effective. 



1 

Epi., hypo., 1 ec. 

31.2 

48.4 


H. T. 

Emphysema 

1 

Neosynephrin, 1 cc. 

32.9 

37.3 

Hypodermic 



1 

Epinephrin, 1 cc. 

28.6 

42.2 

more effective. 



1 

Epi., hypo,, 1 cc. 

34.7 

51.9 


M. K. 

Ayerza’s 

1 

Neosynephrin, 1 cc. 

24.0 

30.2 

Reaction after 


disease 

1 

Epinephrin, 1 cc. 

23.7 

45.6 

hypodermic. 



1 

Epi., hsrpo., 1 CO. 

16.4 

62.4 


G. G. 

Pulmonary 

1 

Neosynephrin, 1 ce. 



Cough easier after 


fibrosis 

1 

Epi., h3T50., 1 CO. 

13.9 

14.6 

neosyr. 

K. B. 

Emphysema 

1 

Neosynephrin, 1 co. 

15.3 

19.7 

Reaction after any 



1 

Epinephrin, 1 cc. 

15.3 

18.4 

epinephrin. 

C. G. 

Emphysema 

1 

Neo.-epi., 1 cc. 

13.8 

20.9 

Marked relief 



1 

Epi., hypo., 1 cc. 

13.8 

21.6 

from spray. 

B. S. 

Emphysema 

1 

Neosynephrin, 1 cc. 

23.1 

31.1 

Reaction after any 







epinephrin. 


The continuous inhalation technique has also been employed success- 
fully in a number of cases of acute bronchiolitis or bronchopneumonia 
when this has been accompanied by symptoms of obstructive asthma. 
During the past season several cases of the so-called non-bacterial, 
or “virus” or “acute interstitial” pneumonia (Reimann®) developed 
such symptoms; in 3 of which the spray was used with marked 
relief. 

One case may be cited briefly. The patient was a young man of 31. 
Following an acute febrile onset, he became progressively worse for 2 weeks, 
the major condition being apparently a bronchiolitis with widespread patchy 
pneumonitis. It extended throughout both lungs, except for a small region 
in the right upper lobe. Symptoms were fever, weakness, severe racking 
cough, asthmatic dyspnea, extreme cyanosis. He was in an oxygen tent 
ndth an oxygen concentration of 60 to 70%, but stiff dyspneic and cyanotic. 
An extra oxj'gen tank was placed beside the bed, a long rubber tubing con- 
nection extending to the vaporizer which was inside the tent. Whenever 
desired, the spray could be turned on and inhaled without modifying oxygen 
treatment, and without any extra exertion on the part of the patient. 
Tliis spray was used, vath Vaponefrin as bronchodilator solution, 10 or 12 
times a day, with marked reffef to dyspnea, asthma, and cough, and no 
constitutional side-effects. It was of particular value in helping the patient 
to raise sputum. In the third week, the pneumonia began to resolve, the 
temperature decreased, and the patient gradually improved. 
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From the tables, no consistent indication can be obtained as to 
the relative effectiveness of the various solutions. From clinical 
observation it appeared that epinephrin 1:100, and Vaponefrin, 
usually had the strongest action, and neosynephrin the weakest; 
just as Graeser points out in his recent report.® The action of 
the epinephrin-neosynephrin mixtures seemed to have no special 
advantages or disadvantages. In some instances, epinephrin 
hypodermically, 1 cc. of 1 : 1000 solution, was more effective than 
any of the sprays (Table 2). 

With respect to undesirable side-effects, neosynephrin had none 
whatever, in any patient, even on prolonged use. Epinephrin not 
infrequently caused the dryness and irritation of mucous membranes, 
and occasionally the constitutional side-effects that have been 
reported with the use of the hand-bulb atomizer and deep inhala- 
tion. The continuous inhalation technique did not appear to increase 
these toxic effects. 

From experience thus far obtained, it would appear that the con- 
tinuous spray technique has two general indications: 

1. In severe asthmatic states, to relieve exacerbations of symptoms 
at intervals tlirough the day; either supplementing ephedrin or 
hypodermic epinephrin in this respect, or replacing such medication 
if the subject has become resistant. 

2. In cases of chronic fibrosis and emphysema, when they are 
confined to bed, or on a limited ambulatory regime; for relief of 
dyspnea, asthma, and cough. In such cases the most effective regime 
is often to use the spray at regular intervals throughout the day, as 
well as at other times as needed for acute asthma and cough. A 
convenient schedule is to inhale the vapor of 0.5 cc. to 1.5 cc. of 
solution for 4 to 10 minutes (1) on waking in the morning, and before 
getting out of bed, (2) in the middle of the day, e. g., after lunch, 
(3) just before retiring at night. Often continuous inhalations of 
this land may be supplemented by the use of the hand-bulb vaporizer 
when the patient is up and about. Our experience corresponds with 
that of Graeser, that neosynephrin used with the hand atomizer 
is ineffective. 

Epinephrin 1 : 100 or, preferably, Vaponefrin solution will usually 
be most effective with the continuous technique, unless there are 
local or constitutional side-effects; in such instances, continuous neo- 
synephrin inlialations may bring relief. 

Summary. 1. A method is described for providing continuous 
vaporization of solutions of bronchodilator drugs, for use as oral 
inhalation in asthmatic and emphysematous subjects. 

2. This technique often provides more effective inhalation therapy 
in very ill or dyspneic patients, using 1 :100 epinephrin, or Vapo- 
nefrin solution than is obtained by the hand-bulb, and with much 
less effort on the part of the patient. 

3. Some patients who were sensitive to .1 : 100 epinephrin, could 
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obtain sjnnptomatic relief by neosj’-nephrin 1 : 100, when this was 
given by the continuous inhalation technique. The neosynephrin 
solution, while usually weaker in its action than epinephrin 1 : 100, 
was entirely free from undesirable side-effects. 
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ON THE QUANTITATIVE EELATIONSHIP BETWEEN CHLORIDE 
AND SODIUM EXCRETION IN THE URINE. 

By F. jNIainzer, M.D., 

ALEXA.NDRIA, EGYPT. 

(From the Department of Medicine and the Laboratory of the Jewish Hospital, 

Alexandria, Egypt.) 

SiEDECK and Zuckerkandl®’®*’* have found that the ratio of Na: Cl 
in the urine varied on different days, but insignificantly (0.95 to 
1.03) in healthy persons who received ordinary food while staying 
in bed. Deviations from this value, therefore, as found in several 
diseases ("serous inflammation”) were thought to give rise to far 
reaching conclusions. They also direct attention to typical differ- 
ences of the Na;Cl ratio in day and night urine, a matter that is 
related to our investigations on the different ions in cases of nyc- 
turia (Mainzer,®“’^ Mainzer and Hersch'*“’^). In 50 day and night 
urines with normal fluid output and in 50 nycturic urines we deter- 
mined the sodium, potassium and chloride concentrations from 13 
persons in whom there were no other diseases likely to influence the 
water and salt metabolism. Five of these persons had been for some 
weeks convalescent from acute infectious diseases. AH received 
the ordinary hospital food with salt at random, and were kept in 
bed. 

Methods. Tlie follovang methods were used in carrjdng out the analyses: 
The chlorides were determined by means of titration (according to Mohr 
and our own micromethod) . Calcium, magnesium and the phosphates were 
removed (according to the method described bj' MacICay and Butler; cf. 
Peters and van Slyke^“), in order to determine the proportion of Na and K. 
In the filtrate the total bases were determined (after the method of Stadie 
and Ross'°) as sulphates. Following ignition of the urine according to 
Stolte, Na was precipitated according to the method described by I^ramer 
and (jittleman,* modified by Eisenman, as P3Toantimoniate and deter- 
mined iodometricallj*. 
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The balance (total bases minus sodium) indicates the potassium concen- 
tration (after precipitation of the alkaline earths, as mentioned above). 
We prefer this indirect method of determining the potassium concentration 
to the usual direct microdetermination, according to ICramer and Tisdall," 
since after several years' experience, we agree vuth the statement of Peters 
and Van Slyke,^'' that the latter is not entirely satisfactory. Specific gravity 
was also ascertained, and the hydrogen-ion concentration determined by 
means of Michaelis’ indicators. 

A discussion of our results, as they concern the ratio Na;Cl 
follows. 


Table 1. — Value of the Quotients Na:Cl in the Uhinb. 






Quotient Na:Cl. 


Number of 
specimens 
with a 
quotient 
Na;Cl = 
>1.10. 
19 

Number of 
specimens 
with a 
quotient 
Na:Cl = 
<0.90. 

23 

Subject. 


Number of 
specimens. 

Lowest 

value. 

Medium 

value. 

Highest 

value. 

Normal urine ■ 

1 Day . . 

[ Night . 

. . 50 

. . 50 

0.54 

0.43 

0.991 

11.02 

1.04] 

1.56 

2.81 

16 

42 

21 







37 







13 

29 

Nycturic urine • 

1 

f Day . . 

I Night . 

. . 50 

. . 50 

0.51 

0.65 

0.921 

11.02 

1.12 

1.68 

2.50 

21 

42 

21 


42 


Table 1 shows that there is no constancy (as held by Siedek and 
Zuckerkandl®"'*’) of the ratio Na:Cl. In contrast to these workers, 
although working under the same experimental conditions, we 
encountered large variations of this ratio, between 0.43 and 2.81. 
On the whole, about four-fifths of our results were far from the point 
of equivalence, namely below 0.90 and above 1.10. This was so 
with reference to normal as w^ell as to nycturic urines (with day as 
well as with night urines), between w'hich there did not appear any 
significant difference, nor did the adjustment of the figures taken 
from day and night urine (which had been tested separately) pro- 
duce any results on those lines. This is very clearly shown in Table 
2. In more than half of the 100 pairs of urines which were analyzed, 
the deviation from the ratio Na:Cl = 1 as regards the day and 
night urines was in the same direction. 


Table 2. — Value of the Quotient Na;Cl in the Urine. 


Subject. 
Normoi urine . 
Nycturic urine 


Quotient of urine of the day 
ns well as of the night. 

Number of , 

specimens. Lower than 0.90. Higher than 1.10. 
.50 13 9 

. 50 19 13 


The diagram gives a clear pictiue of the distribution of the differ- 
ent values of the ratio. The abscissa represents tlie ratio, the ordin- 
ate tlie relative frequency (per 100). In our diagram the figure 0.6 
stands for all figures between 0.60 and 0.69, the figure 0.7 for 0.70 
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to 0.79 and so forth. The diagram is based on the analyses of all 
200 urines. We did not take into account figures above 2, since they 
occurred extremely rarely. 



Chart I. — Distribution of the frequency of the quotient Na'.Cl in 200 personal 

teats (s x) and in 35 Puetter's tests (o o) . Abscissa : Quotient 

Na:Ci. Ordinate : Percentage of frequency. 


The diagram shows a regular frequency curve with regard to the 
different values of the ratio. The distribution seems less regular 
if normal and nycturic urines are treated separately, in view of the 
smaller number of results available then, but on the whole both 
curves follow similar lines. The maximum frequency is not at 1, 
as should be expected in accordance with the preceding arguments, 
but between 0.70 and 0.79 (in the diagram represented by tlie figure 
0.7). The curve of frequency declines in both directions, with 
regard to the higher as well as the lower ^mlues, so that the ratio 1 
occurs about half as frequently as those around 0.75. The decline 
of tlie curve, however, is no symmetrical one, as should conform to 
the ideal variation curve of accidental deviation from the mean 
value (binomial curve) . The frequency of the occurrence of a certain 
value of the ratio declines towards the figures below 0.7 much more 
rapidly than is the case in the increasing values above 0.7. From 
three-quarters to four-fifths of the chlorides, therefore, are, as a rule, 
excreted in the urine as sodium salts, the remainder in other com- 
pounds. Urines in which greater amounts of chlorides which are 
combined with other kations are present, show a very rapid decline 
in frequency, and tlie greater the amount of such chlorides the more 
this is so. Urines in which the excreted quantity of Na is larger than 
four-fifths of the chlorides show a much slower decline in frequency 
with increasing Na concentration. There are, therefore, under nor- 
mal conditions comparatively many urines in which considerable 
amounts of Na are combined with phosphoric, sulphuric and carbonic 
acid. 
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It is owing to this peculiar unsymmetrical behavior of the fre- 
quency curve that the mean value of the ratio Na; Cl (in all groups 
which we formed [see Chart]) approaches the value 1, although 
practically half of the tested urines contain an amount of Na cor- 
responding to but four-fifths of the excreted chlorides or even less. 

On an average, in tests carried out over a long period, even accord- 
ing to our analyses, almost equal amounts of Na and Cl are excreted. 
This contradicts the argument that the low ratio of Na:Cl which 
we found in contrast to Siedek and Zuckerkandl is produced by 
an exceedingly high proportion of potassium in the food given by 
us— most of the calcium and magnesium being excreted through the 
intestine. Such a disproportion of the ion-supply would have 
become apparent, in particular, in the total result. 

In view of this discrepancy between our results and those of the 
Austrian workers, we tried to find further analyses of this type in 
the literature. But it was not wdthout difficulty, how^ever, that we 
succeeded in finding sufficient material on the determination of the 
kations in the urine. 

The classic paper of Salkowski,^ still of fundamental importance 
today, was unfortunately not at our disposal in the original. But 
we found what we were looking for in 35 analyses* of this kind per- 
formed by Puetter® on normal urines of a 24-hour period, though 
carried out from rather a different viewpoint. 

The behavior of the ratio of Na:Cl (deduced by us from Puetter’s 
analyses) is clearly illustrated by Table 3. 


Table 3.— Value op the Quotients Na:Cl in the Urine. (Puetter’b 


Tests.) 

Number of Number of 
specimens specimens 
Quotient Na: Cl. with a with a 

. • . quotient quotient 

Number of Lowest Medium Highest Na:Cl = Na:Cl = 

Subject. specimens. value. value. value. > 1.10. <0.90. 

Normal 24-hour urine . 35 0.31 0.97 1.80 10 14 


Puetter’s investigations are in accord with our results: 1, the 
range of variation of the ratio Na:Ci is very large (0.31 to 1.80); 2, 
in two-thirds of the urines analyzed the ratio is very far from the 
value of equivalence = 1 ; 3, the average value taken from all urines 
very nearly approaches the value Na:Cl = 1. 

Even Puetter himself stresses these points. After having reported 
on the relation between excreted chloride and the amount of kations 
(deduced from the mean value apparent in 32 analyses, taking also 
into consideration Na, K and NH3) he continues: “This proportion 
is by no means the same in all individual cases, sometimes less 
chlorine is excreted than should be expected considering the quan- 
tity of Na-{-K, sometimes more” (p. 24). In his opinion this results 
from the fact “that the ions .... largely go their omi way in 
the excretion process .... that even if the intake of salt is 

* One of the analyses of this series Tvas eliminated (AQ) since it was obtained after 
the administration of Na-bicarbonatc. 
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as constant as is the intake of e. g., nitrogen, tlie excretion of the 
ions and the salts is not at all as constant as that of urea” (pp. 37, 38) . 

In contrast to the agreement between our findings and Puetter’s 
analyses— insofar as the small number of his analyses permits a 
conclusion— the curve of frequency of the ratio is symmetrically 
arranged around the mean value in Puetter’s investigations, while 
in ours it is not. The corresponding curve, given also in tlie Chart 
drawn according to the principles mentioned above gives clear 
evidence of this fact. 

The deductions to be drawn from our analyses as regards tlie 
ratio of Na:Cl in the urine are, therefore, fully confirmed by 
Puetter’s findings and are included in the following statements; 

1 . With normal intake of food (the patients remaining in bed 
in our experiments) the ratio of Na:Ci varies greatly in the urines 
collected in 12-hour (day and night urines) as well as 24-hour periods 
(0.31 to 2.81). That means that the chlorides appear in combina- 
tion with Na-ion and as salts of other kations (K, NH 3 , Ca, Mg) and 
that, on the other hand, the Na-ion is present combined with acids 
other than hydrochloric (phosphates, bicarbonates). 

2. Tests carried out over a long period, however, reveal that 
under above conditions, Na-f- and Cl— are excreted in practically 
equivalent quantity. 

3. With regard to the distribution of the frequency of their occur- 
rence the urines can be grouped in a curve around a maximum 
value in such a manner that three-quarters to fom-fifths are at a 
great distance from the point at which the excretion of Nafi- and Cl— 
occurs in equivalent quantities (Na;Cl = 1). 

Conclusions. In view of these facts, the attempts to draw clinical 
conclusions from the behavior of the ratio of Na;Cl seems to us 
justified only insofar as prolonged experimental periods are' consid- 
ered, in accordance with the classic principles of metabolic physi- 
ology. 

The short-term experiment, which uses ratios obtained on some 
individual days, only permits of conclusions — if ever— when the 
amplitudes observed— tlieir extent and regularity of appearance— 
convince us that they are by no means spontaneous, such spontane- 
ous variations being the rule according to Puetter’s and our own 
analyses. 
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ON THE DANGER OF FORCING FLUIDS IN MALNUTRITION. 

By James A. Evans, A.B., M.D., F.A.C.P., 

EXTBA-JrORAl, PRECEPTOR IN MEDICINE, UNIVERSITY OF WISCONSIN MEDICAL SCHOOL; 

ATTENDING PHYSICIAN, ST. FRANCIS HOSPITAL, 

AND 

Herbert Shulman, A.B., M.D., 

LA CROSSE, WIS. 

(From the Extra-mural Preceptorial Medical Service of the University of Wisconsin, 

St. Francis Hospital.) 

Spontaneous edema is a well-known phenomenon of chronic 
malnutrition. Twenty-three hundred years ago Diogenes Laertius 
wrote that Heraclitus retired in disgust with mankind to the moun- 
tains, lived on vegetables and herbs alone, acquired dropsy and 
died.'^^*' To bring a somewhat similar event to date, Mahatma Gandhi 
is reported in recent press dispatches to have acquired dropsy in 
his latest fast. 

Malnutrition is often accompanied by a dry tongue which may or 
may not be a sign of dehydration. A diminished urinary output is 
a more reliable sign of true dehydration than a dry tongue which 
may be due to moutli breathing. But often without consideration 
as to the real presence of dehydration, the clinician’s first thought 
is to order large amounts of fluid intravenously. The result may be 
massive edema, even acute pulmonary edema or eclamptic-like 
convulsions. The malnourished hypoproteinemic surgical patient 
is especially liable to such a catastrophe. The mechanism by which 
such edema may be forced on the malnourished patient is the lowered 
osmotic pressure within the capillaries brought about by low total 
plasma protein and plasma albumin accompanying malnutrition. 

Our understanding of the mechanism concerned in this edema 
has progressed as follows; 

Starling^® in 1896 first suggested the relationship of intracapillary 
pressure tending to force fluid through the permeable membrane 
wall of the capillary, and osmotic pressure of the blood plasma attract- 
ing fluid back into the capillary. Then many cases of edema were 
recognized as due to malnutrition during the great war, but the 
mechanism of its production by hypoproteinemia and the resultant 
lowered plasma osmotic pressure was not generally realized. Next 
Epstein’ in 1917 first actually suspected the lowered osmotic pressure 
of hjqioproteinemia as the cause of edema in nephrosis. Others 
soon applied this idea to cases of nutritional edema, spontaneous 
cases in America, famine cases in China,” and proved 
again and again the actual presence of low plasma proteins and 
albumins in such cases. Barker- proved the thesis by plasmapheresis 
experiments in dogs produeing massive edema. 
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The actual mechanism of edema production in the hjqioprotein- 
emia of malnutrition may be diagrammed simply modified after 
Myers 



Chart 1.— 

-Normal Fluid Exchange in the Capillary. 
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Blood pressure 32 mm. Blood pressure 12 mm. 

— > Osmotic pressure 27 mm. Osmotic pressure 27 mm. 


Excess pressure 


+ S mm. 


Excess pressure 
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— 15 mm. 


Arterial J, Capillary j. 


Venous 


While the above explanation offers the background for the develop- 
ment of edema in malnutrition, other precipitating factors are of the 
utmost importance. Landis^® mentions as contributing factors high 
salt and high fluid intake which will precipitate or increase edema 
only if both are available, the salt being necessary to fix the fluid in 
the tissue, and an excess of fluid being necessary to join the salt to 
form edema. 


Chart 2. — Edema op Sebum Albumin Depletion. 

(1) of Dcphrosis — excessive loss in urine 

(2) of malnutrition — impaired formation or inadequate intake 

ft ^ J 

1 _| 1 

Blood pressure 32 mm. Blood pressure 12 mm. 

— + Osmotic pressure 11 mm. — » Osmotic pressure 11 mm. 


Excess pressure +21 mm. Excess pressure + 1 mm. 

Arterial | Capillary | I t Venous 

In clinical practice a combination of malnutrition with unsuspected 
hj^poproteinemia and a dry tongue may seem a prime indication to 
administer large amounts of glucose in saline. Due to specific 
protein starvation hj'poproteinemia may be present even in the 
obese patient. The result may be disastrous as in the following case 
report of an apparently well nourished patient: 

Case 1 . — Mrs. J. M., aged 33, entered the hospital on December 17, 1938. 
Her entrance complaints were anemia and lack of energy of 3 years’ dura- 
tion. Three years previous to admission she was delivered of a normally 
developed dead baby at term by low forceps, and sustained a third degree 
laceration, the repair of which rendered intercourse impossible. During 
her postpartum course she was found to have a, pyelitis and anemia vith 
hempglobin of 30%; red blood cells 2,000,000. W^ile in the hospital she 
became completely devoid of hair. Onl 3 '- the hair on her head came back 
sparselj'. In the Spring of 1938 a basal metabolic rate was —37%. For 
the last 3 3 'ears she had been having spells of coma which lasted 8 to 9 
minutes. For these she had been given glucose and normal saline solution 
subcutaneous^' b 3 ' her home doctor. She had had 5 such attacks in the 
past 3 'ear. There was no biting of the tongue or convulsive movements. 
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There was evidently a considerable psychic factor connected with the epi- 
sodes of unconsciousness, the patient always staging the spells as her hus- 
band was about to enter the house. She had been vomiting for the pastyear 
off and on, 3 to 4 times a week the past 2 weeks. The loss of her baby, the 
impossibility of intercourse, her loss of hair all contributed to her marked 
melancholy. She was given liver extract, and had been taking an unknown 
amount of iron and 3 grains of thyroid extract daily for about 9 months, all 
without improvement. 

Family, past medical and social histories were irrelevant. Before we saw 
her in consultation she had been given an emergency transfusion of 500 cc. 
of blood and 3500 cc. 5% glucose in normal saline intravenously within 
36 hours. 

Physical examination after these fluids were given revealed an anemic 
appearing white female, fairly well nourished who talked slowly and 
appeared mentally sluggish. Blood pressure was 100/60. The head and 
neck were normal except for pallor of the mucous membranes, absence of 
eyebrows and eyelashes, and puffiness of the face. The heart was normal. 
The pulse rate of 92 on entrance had jumped to 110. There were many 
moist rS,les heard throughout both lung fields. The solid abdominal organs 
were not palpable. There was a pitting edema of both upper and lower 
extremities as well as over the sacrum. Pubic and axillary hair was scanty. 

Laboratory findings; The red blood count, white blood count and hemo- 
globin were 3,470,000 , 10,000, and 55 %, respectively. The differential count 
showed filaments 12%, non-filaments 16%, lymphocytes 59%, monocytes 
5%, eosinophils 6%, and basophils 2%. The red blood cells appeared hypo- 
chromic in the smear. The Kahn test was negative. On December 19 
the non-protein nitrogen was 25 mg., blood carbon dioxide 25 vols. %, blood 
chlorides 340 mg., blood calcium 8.6 mg., blood cholesterol* 122 mg., 
total serum protein 6.58 gm., serum albumin 2.91 gm., serum globulin 
3.67 gm., albumin globulin ratio 0.8. The low non-protein nitrogen, blood 
calcium, cholesterol and plasma proteins were probably due to hydremia fol- 
lowing 7900 cc. of intravenous fluid in the preceding 36 hours. An uncathe- 
terized specimen of urine was acid, specific gravity 1.015, -f albumin, no 
sugar, acetone or diacetic acid; sediment examination revealed many pus 
cells, some in clumps, no red blood cells and a few granular casts. The daily 
urinary output was 150 cc., 750 cc., 350 cc., and then the patient had 
involuntary urination. 

This patient received 7400 cc. of 5% glucose and normal saline in 36 
hours. _ Blood (500 cc.) was given on the day of admission without reaction. 
Following this the patient developed pulmonary edema and generalized 
anasarca. On December 20 a duodenal tube was passed and high protein 
vitamin feedings administered. She was also receiving thyroid, gr. 1, 
three times daily, cortin, 12 cc. in 2 days, 1 cc. anterior and 0.5 cc. posterior 
pituitary extract. Her temperature rose to 103.4° on that day, and she 
expired rather abruptly. Autopsy was refused. 

Differential diagnosis: Sinomonds’ disease is a possibility, but seems ruled 
out by the absence of any cachexia 3 years following the loss of her hair. 
Anoreria nervosa is more likely considering the psychic background and 
hysterical character of her so-called fainting spells. Myxedema must be 
considered with the low basal metaLolic rate of — 37 %, but she did not have 
low temperature, slow pulse, coarse features, obesity, high blood cholesterol 
or response to 3 grains of thyroid extract daily for 9 months. We feel it 
more likely that the hair loss at the time of her delivery was due to the fever 
of pyelitis of pregnancy, and the psj'chic shock of a stillbirth. 

Our final diagnoses were malnutrition with edema and acidosis; pul- 

* Metbod of Myers and Waidell in Peters and Van Slyke: The Williams & 
Wilkins Company, Baltimore, 2, 500, 1932. 
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monap^ edema; terminal bronchopneumonia; anorexia nervosa; pj^elo- 
nephritis; hypochromic anemia; and question of myxedema. 

Comment. It will be noted in this case that the serum protein and 
albumin were comparatively high (6.58 gm. and 2.91 gm. per 100 cc., 
respectively) where Moore and Van Slyke'^ assert the usual critical 
level for the appearance of edema is 5.5 gm. total serum protein 
and 2.5 gm. serum albumin. One must also bear in mind the pre- 
dominant role of albumin which, being the smaller molecule, exerts 
the greater osmotic pressure. The loss of albumin, therefore, is of 
greater import than the loss of other serum proteins. Therefore 
neither the total protein figure nor the albumin-globulin ratio is of 
as great importance as regards formation of edema as a low absolute 
albumin content of the blood plasma. Peters and Eisenman'’ 
afiSrm that administration of large quantities of fluid and salt may 
cause edema to appear at colloid pressures higher than those at 
which it is usually encountered in neplu-osis or plasmapheresis 
experiments. Youmans-®^ states that in severe cases of nutritional 
edema the lowered osmotic pressure is the prime factor in the pro- 
duction of edema, but in milder cases with only slight hjqioprotein- 
emia secondary factors play an important r61e. The secondary 
factors precipitating the edema may be posture, the intake of salt and 
water, environmental temperature, tissue tension, and to this list 
we might add beriberi. Supported by Weech and Ling,^- and by 
Falta and Quittner,® Youmans makes the statement, "salt and water 
are of course necessary for the formation of edema, and within cer- 
tain limits the giving or withholding of them may cause edema to 
appear or disappear or modify the amount of edema." These 
secondary factors often belie the so-called “critical level." 

The large amount of salt and water administered before this case 
was recognized as one of relative hj^ioproteinemia was undoubtedly 
the factor precipitating massive edema including fatal pulmonary’- 
edema. Weech, Goettsch, and Reeves-® fed large amounts of salt 
and water to dogs already rendered hj’poproteinemic and found 
"an augmentation of fluid in the interstitial reservoir" due to a fall 
in serum proteins enough to cause an average decline of 17 or 20 mm. 
of water in the colloid osmotic pressure of the serum. They also 
feel salt and water ingestion causes an augmentation of plasma 
volume of about 10% and suggest that this increase may be associ- 
ated with a rise of capillary blood pressure, a further cause for 
“augmentation of fluid in the interstitial reservoir.” The increased 
fluid volume in the vascular bed and consequent rise of capillary 
blood pressure constitutes hydremic plethora. It is more probable 
that the pulmonary edema in our case was caused by the increased 
capillary pressure due to increased blood volume with left-sided 
failure. Pulmonary edema is not an occurrence in cases of pure 
hypoproteinemia as produced in plasmapheresis experiments, nor 
does it commonly occur in nephrosis. 
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Weech and Ling^^ gave salt and soda bicarbonate to 2 cases of 
nutritional edema, and found sucb feeding caused a marked retention 
of water and edema, with a retention of chlorides. They concluded 
the cation sodium was the important element causing the retention 
of fluid. In one of these patients after a normal serum protein had 
been restored the edema could not be reproduced by ingestion of 
large amounts of sodium and water. 

Lowenburg and Miller^^ described a nutritional edema in a child 
due to gastro-enteritis and aggravated by a diet of glucose containing 
fluids, but no milk, and zwieback (poor in protein). Furthermore, 
she received 2 hypodermoclyses of 250 cc. of Hartman’s solution 
(which contains NaCl) with consequent development of general 
anasarca. The child’s serum protein was 3.5 gm., serum albumin 2.2 
gm. per 100 cc. A high-protein, low-salt diet, and 5% sucrose as a 
diuretic rapidly reduced the edema and raised her serum proteins. 

The following table from Youmans"^^^ summarizes the effect of 
salt added to the diet in cases of nutritional edema; 


Table 1. 

Weight. Edema. 


Case. 

Added salt. .Before, kg 

After, kg. 

Before. 

.'Vfter. 

Remarks. 

L. E. 

9 gm. daily for 

66.3 

67.7 

0 

+ + + + 

Legs sore and 


4 days 





tender 

F. I. 

4 gm. daily for 

78.4 

80.5 

0 

+ + 



10 days 







After 8 days of 

78.8 

+ + 

d: 



low salt diet 






W. J. 

10 gm. daily for 

50.5 

57.7 

+ 

+ + + + 

Legs sore 


5 days 

Another secondary factor precipitating edema in hypoproteinemia 
is the anemia present in this patient which is loiown to cause increased 
capillary permeability. Peters and Eisenman^'^ found that in mal- 
nourishment with anemia edema appears at higher osmotic pressures 
than in malnutrition without anemia. Quoting them, “Anemia 
increases the tendency to edema, and raises the albumin and osmotic 
pressure at which it may be expected to 4% and 26 mm. Hg, respec- 
tivel3^” 

The presence of an evidentlj’- good state of nutrition as regards the 
preservation of a good panniculus adiposus, or even obesitj’", should 
not throw the clinician off his guard, given a historj'' of imbalanced 
diet, diarrhea, or vomiting, for even then h^ypoproteinemia may exist. 
“The serum protein depletion, like the bodj’’ protein loss from which 
it arises, can be retarded and mitigated bj*^ the administration of 
large quantities of fat and carbohydrates; howei-er, regeneration of 
the serum proteins can be accomplished onlj’’ when enough protein is 
added to the diet to permit restoration of the previously’’ wasted 
body protein. It would seem quite possible under these circum- 
stances for both body' protein depletion and hypoproteinemia to 
coexist witli obesity'' in subjects who had undergone wasting with 
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an inadequate protein intake, either for therapeutic purposes or in 
the course of disease.”^^ 

The low basal metabolic rate in our case is not to be considered 
as prima facie evidence of hypothyroidism, as it is a common finding 
in imdernutrition, and thyroid therapy in the past had not ameli- 
orated the condition of this patient. Weech^^ quotes Denel and Ling 
as reporting cases of nutritional edema with basal metabolic rates 
of —5% to —26% with an average of — 16%. One must point out 
the greater significance of a low metabolic rate in an undernourished 
patient before edema has occurred. After edema has occurred there is 
a falsification of standards due to the increased weight of the patient. 

Case 2.— Mrs. M. M., aged 58, entered the hospital on December 27, 
1937, complaining of diarrhea and vomiting. She said she had lost 45 
pounds in weight during the past year, and had been bed-ridden for the 
past 4 months. Because she vomited most of her solid intake the patient 
was on a diet consisting chiefly of liquid foods. She had had a diarrhea for 
3 weeks prior to admission, with 3 to 6 bowel movements per day. The 
stools were greenish-gray with no tarry substance or gross blood. 

Past history, family history, social history were irrelevant. 

Physical examination revealed an emaciated, small female, very ill- 
appearing but cooperative. There was no pigmentation of the skin. The 
eyes, ears, nose and throat were normal. The tongue was dry. The right 
lobe of the thyroid was enlarged, firm and uniform in consistency. Heart, 
lungs and abdomen were normal. The blood pressure was 80/42, 82/68 
and 90/60 on 3 separate days. 

Laboratory findings: The red blood cells were 4,640,000; hemoglobin, 
55%. A catheter specimen of urine was acid, contained -f albumin, no 
sugar or acetone. The microscopic examination of the urinary sediment 
revealed many white blood cells, many bacilli, and an occasional hyaline 
cast and red blood cell. A culture of the urine was positive for B. coli. 
The stool examination showed no occult blood. The Kahn and Mantoux 
tests were negative. The phenolsulphonephthalein test showed 5% 
excretion in 1 hour. Fluid output varied from 80 cc. to 70 cc. the first 
2 days, later increasing to 975 cc. after the intravenous administration of 
fluids and the disappearance of dehydration. 

Roentgen examination of the upper abdominal region revealed a shadow 
overlying the transverse process of the third lumbar vertebra suggesting a 
calcium deposit in the right adrenal. Stereoscopic roentgenogram of the 
chest revealed an old primary tuberculous complex. 

Progress. Examination of the gastro-intestinal tract with barium showed 
a marked duodenal stasis. This was relieved by having the patient he in 
the right oblique prone position. She was tube fed, and gradually improved. 
The diarrhea was stubborn at first, but gradually cleared. She was given 
1000 cc. saline intravenously every day for 7 days with 10 cc. cortin. She 
received 3 gm. salt by mouth in capsules daily. A marked peripheral edema 
developed. This improved under diuresis by mercupurin and acid salts. 
The blood pressure increased from 80/42 to 124/70. At the height of her 
edema the patient developed eclamptic-like convulsions. She also developed 
an acute cystitis while in the hospital which was treated and improved. 
She was discharged against adwce when a jejunostomy was proposed to 
enhance protein feeding. The vomiting together with the edema and con- 
-iuilsions continued at home. The patient finally died follonang a convul- 
sion 3 months after discharge. A serum protein obtained at the patient's 
home showed a further drop after improvement in the hospital. Autopsy 
could_not be obtained. 
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Final diagnoses; Addison’s disease; edema of hj'-poproteinemia and 
malnutrition; primary pulmonary tuberculous complex; chronic pyelitis; 
acute cystitis; hjrpo chromic anemia; mesenteric pedicle compression with 
duodenal stasis; non-toxic nodular goiter. 

Comment. This case points out the danger of salt and water 
therapy pushed too far in Addison’s disease. Wiile there was marked 
rise in blood pressure, blood sodium chloride and the general clinical 
improvement usually seen in Addisonian crisis on this tj^e of ther- 
apy anasarca and eclamptic-like convulsions suddenly intervened. 
The analogy between this patient’s convulsions and those of eclamp- 
sia is striking in view of the newer knowledge concerning the cause 
of the latter. Strauss-” observed that true toxemia of pregnancy 
often accompanied by eclamptic fits was associated . with hypo- 
proteinemia with a significant gain in weight, edema and hyper- 
tension when soda was administered either as the chloride or bicar- 
bonate. Arnold^ also attributes eclampsia with its convulsions to 
fluid imbalance. Herden” believes that protein stabilization treat- 
ment has dealt with fundamental factors in the prevention of eclamp- 
sia. de Snoo'” states that salt retention in the tissues is the true cause 
of eclampsia which is another way of indicting fluid imbalance. 

The persistence of edema in this patient after improvement in 
her serum proteins may be partly attributed to another secondary 
factor in the cause of edema; namely, tissue distention once edema 
has been extreme. Weech"^ again states that in malnutrition the 
resistance of the* connective tissue network may be impaired. A 
chronic distention of this network therefore may account for per- 
sistence of edema after the plasma osmotic pressure has been restored 
to normal. 

The same author is authority for the statement that the blood 
cholesterol is normal in nutritional edema as contrasted to nephrosis. 
It -will be noted that the blood cholesterol was within normal limits 
in our patient. 

Case 3. — Miss A. S., aged 38, a well-nourished female, was brought to 
the hospital •ndth a diagnosis of acute intestinal obstruction. At explora- 
tion the day of admission a carcinoma of the hepatic flexure was disclosed. 
A lateral anastomosis was done. The patient was given 2000 cc. of 5% 
glucose in saline intravenously immediately postoperatively. The follovdng 
day she was ^ven 4000 cc. of 5% glucose in saline solution intravenously. 
At that time it was noted that she was developing generalized edema. 

Laboratorj’’ findings: Total serum protein determined at the onset of 
edema 2 daj’^s after entrj’- was found to be 4.711 gm., the serum albumin was 
2.820 gm., and the serum globulin was 1.891 gm. The A/G ratio was 1.4. 

The patient was given blood transfusions of 500 cc. each on the second and 
fourth postoperative daj’^s. On the fifth postoperative day all clinical edema 
had disappeared. She ex-pired on the seventh postoperative day. At 
autopsy, peritonitis was found to be cause of death. 

Case 4. — Mrs. F. S., aged 34, was a patient in the hospital for 10 months. 
She had a recto-vaginal fistula, attempts for the repair of which had been 
made on two occasions. Following her second operation she was given 
1000 cc. of 5 % glucose in normal saline daily for 10 daj's. She developed 
an edema over the sacrum and a peripheral edema. 
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Laboratory findings : Total serum protein at the onset of edema was found 
to be 5.3 gm., the serum albumin was 3.3 gm., and the serum globulin 2 gm. 
The A/G ratio was 1.6. 

The intravenous injections of 5% glucose in sahne solution were dis- 
continued with the onset of the edema and 5% glucose in distilled water 
was substituted. On this regimen the edema gradually subsided. 

Comment. More warnings have been sounded in the medical 
literature concerning the danger of over-pushing intravenous fluids 
in postoperative cases than in medical cases of malnutrition. Coller, 
Frederick, Dick and Maddock’s® monumental work on water balance 
lays the foundation for proper treatment of such cases. They have 
pointed out the necessity of a judicious choice between glucose in 
distilled water and saline solution administration when further 
administration of saline infusion may result in salt and water reten- 
tion. It is interesting to note that the edema of Case 3 disappeared 
on administration of blood transfusions; and in Case 4 on switching 
from saline solution to 5% glucose in distilled water. 

Meyer^‘‘ reported a patient who developed massive, fairly gener- 
alized edema after an abdominal operation which could be easily 
and logically explained upon the basis of undernutrition, protein 
loss through purulent drainage, and dilution of serum proteins by the 
administration of large quantities of salt and water in the form of 
normal saline. He points out the possible danger of causing pul- 
monary edema in pushing fluids in such cases. Beard and Blalock®-^ 
have also warned of the same danger of edema by postoperative 
fluid therapy diluting the serum proteins. 

The authors have had no experience with the intravenous admin- 
istration of amino-acids, but the method recently reported by Elman 
and Weiner® offers great promise of being an ideal solution of the 
necessity to correct the serum protein level before dehydration ean 
be safely corrected in these cases. 

Gonclusions. 1. A low fluid output is a better sign of dehydration 
than a dry tongue. 

2. The hj’poproteinemia of malnutrition constitutes a contra- 
indication to the administration of large amounts of salt and water 
parenterally, despite the fact the patient may appear to be dehydrated. 

3. The serum proteins must first be reestablished to normal before 
attempting to correct dehydration or massive edema, fatal pulmonary 
edema, or eclamptic-like convulsions may supervene. 

4. ^ Too much salt and water intravenously in cases of malnutrition 
precipitates an edema already potential by reason of the low'ered 
osmotic pressure of hj’poproteinemia. Hydremic plethora with 
its increased intracapillary pressure further conditions the organism 
for the precipitation of acute pulmonary edema. 

Thanks are hereby expressed to Dr. M. A. Blankenhorn, of Cincinnati, Ohio, 
and Dr. William S. Middleton, of Aladison, Wis., for valuable suggestions and 
criticism; to Dr. Floyd W. Ernst, of New Albin, Iowa, Dr. H. E. Wolf and Dr. 
J. E. AIcLoone, of La Crosse, Wis., for permission to cite their case records; and 
to Dr. V . E. Bayloy, Sister M. Corona, and Aliss D. Goyette for valuable labora- 
tory assistance. 
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SEASONAL VARIATION IN THE WATER CONTENT OP THE 
RESPIRATORY TRACT. 
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Seasonal variation in the susceptibility of the respiratory tract 
to infection in northerly climates is well known. Hitherto, most 
research on this problem has been directed at the pathogenic organ- 
isms and the pathologic processes involved. There is little informa- 
tion pertaining to the reason w^hy the respiratory tract is more 
easily invaded by these organisms at certain seasons of the year. 
The present work was undertaken with the idea of measuring, at 
different seasons of the year, something which might be considered 
as an index of the function of the respiratory tract. The work was 
done on animals housed under conditions of heat and humidity which 
may be considered somewhat similar to those of the average human 
population of this district. 

The water content of tlie trachea and of the bronchial and alveolar 
regions of the lungs was measured as an index of the function of 
these tissues. It was concluded on theoretical grounds and later 
proven by experiment, that the water content of tissues lining the 
respiratory airway must be finely adjusted. The cells lining the 
respiratory airwaj’- are continuously subjected to the passage to 
and fro of air, air which is warmed to body temperature and which 
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usually enters the body with insufficient moisture to saturate it at 
body temperature. The air passaps are thus constantly fanned 
by dry, hot air. Some moisture is added to incoming air as it 
passes through the nasal cavity. If not sufficient, then further 
water must be evaporated from the ceils lining the trachea, bronchi 
and smaller air passages. If any water so removed were not soon 
replaced, these tissues would dry up and become lifeless. That such 
does not occur is seen in the fact that animals and man may live 
for considerable periods— possibly indefinitely— when air is side- 
tracked from the nose and enters by way of a tracheotomy tube. 

On the other hand, it is equally as important that too much 
secretion of water by these cells be prevented. If such occurred, 
the very fine air passages might become filled with a watery medium 
and the animal or person drown in its or his own secretions. 

On these theoretical grounds, we concluded that there must be a 
fine adjustment in the water content of pulmonary tissues. If such 
were so, then one might find a relatively constant water content in 
these same tissues. This was determined experimentally to be the 
case. Being reasonably certain that water content could be taken 
as an index of function of these tissues, we proceeded to measure 
water content over a period of 1 year. 

Method. The object of the procedure adopted was to measure the water 
content of different regions of the respiratory tract of laboratory animals 
under conditions which might be regarded as nearly normal as possible. 
The animals were housed in quarters wherein the temperature and humidity 
were the same as those to which persons working in the laboratoiy were 
exposed. They were allowed to drink and eat as they wished. The white 
rats were fed Purina Fox Chow Checkers; the guinea-pigs, alfalfa and fresh 
vegetables; and the cats, milk, bread and meat. The animals were killed 
without anesthesia by a light, stunning blow on the head followed by 
severing the cerwcal spinal cord with snippers. The thorax was then 
quicMy opened, the trachea freed at the larjmx and separated down to 
and including the lungs, keeping the tract free of as much blood as possible. 
Any adherent tissue was then removed and the whole divided into three 
parts. The trachea was one part. The distal third or half of each lobe 
of the lung constituted the second fraction which was termed the distal 
part or distal lung. The remaining parts of the lung were called the 
proximal part or proxinial lung. A diagrammatic representation of these 
separated fractions js given in Figure 1. As described below, there was 
found to be a physiologic as well as an anatomic difference between the 
proximal and distal parts of the lung. 

The separated fractions were quicldy placed in separate, small, cleaned, 
dried and weighed weighing bottles with ground glass stoppers and the moist 
weight determined to the nearest 0.1 mg. They were then placed in a dry- 
ing oven at 90“ C. for 60 to 100 hours adth the stoppers ajar. The stoppers 
a'ere then inserted, the bottles cooled to room temperature and the drj’’ 
^Yeight ascertained. From these values the percentage of water in the 
original moist weight of tissue was calcula ed. 

Results. — It was first necessary to establish whether the crude 
separation of the lobes of the lung gave fractions of significantly 
different water content. If such w'ere not the case there would have 
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been little incentive to continue dividing the lung. ^ A representative 
comparison of the respective percentages of water in the proximal 
and distal fractions of 11 young, 170-gm. rats is shown in Table 1. 
It will be noted that in all of the animals, the proximal part 
contained more water than the distal part. The mean difference 
was 1.6% of water with a standard deviation of 0.48 which is indica- 



Fig. 1. — A diagrammatic representation of the separated fractions of the respiratory 

tract of albino rats. 


tive of a statistically significant difference.® In certain other experi- 
ments, changes in water content Avere noted to affect one fraction 
and not the other. Hence it may be concluded that there is a 
significant physiologic difference in the two fractions of the lung as 
separated and this separation was thus used in subsequent work. 

The Constancy of Lvng TJ'ater. It has been suggested above that 
the water content of tissues composing the trachea and lungs must 
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be finely adjusted. If such were so, one might expect to find a rela- 
tively constant amount of water in such tissues. To investigate 
this, water percentages in representative poups of albino rats, 
guinea-pigs and in 2 cats were analyzed statistically and have been 


Table 1. — The Water Content of a Proximal and Distal Division of the 

Lungs of Young Rats. 

Per cent water. 


Distal Proximal 

Rat No. part. part. 

78 78.8 77.2 

79 . 77.9 77.9 

80 78.8 77.0 

81 82.7 80.2 

82 78.5 77.3 

83 . 81.3 78.2 

84 79.0 77.8 

85 78.8 77.4 

86 79,6 77.7 

90 78.7 78.3 

137 78.2 76.4 


Mean 79.2 77.6 

Standard deviation 1.4 0.91 

Standard error 0.40 0.26 


presented in summary in Table 2. All values in each of these 
groups were obtained at the same season of the year and at times 
when abnormal variation, to be described later, did not occur. 

Pearson’s coefficient of variation^ was used as a means of estimat- 
ing and comparing the relative variation. Pearson’s coefficient is 


Table 2. — Variation in the Water Content of the Respiratory Tract of 
Albino Rats Within a Given Season. 

Per cent water. 


Value. 

Proximal 

Trachea. part. 

Distal 

part. 

Whole 

tract. 

Mean 

ZJf Albino Rats. 
. 74.3 

78.7 

79.5 

78.8 

Standard deviation .... 

3.6 

0.91 

0.89 

0.73 

Pearson's coefficient of variation 

. 4.9 

1.2 

1.1 

0.93 

Mean 

15 Guinm-pigs. 
. 64.2 

78.4 

80.1 

76.9 

Standard deviation .... 

. 12.2 

1.3 

3.4 

3.8 

Pearson’s coefficient of variation 

. 19 

1.6 

4.3 

4.9 


Z Cals. 

Cat 1 ■ 81.3 

Cat 2 81.8 


the standard deviation divided by the mean and multiplied by 100; 
or, in other words, it is the standard deviation expressed as a per- 
centage of the mean. In rats, the coefficient of variation of values 
for the water content of the whole respiratory tract and of the 
proximal and distal parts of the lung was remarkably constant at a 
value of about 1. The coefficient for the rat trachea was a good 
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deal higher, being 4.9. In guinea-pigs there was little variation in 
the 'water content of the distal part of the lung but considerable 
variation in the proximal lung and in the trachea. 

For comparative purposes, variations in the water content of a 
number of tissues were collected at random from reprints on hand 
and Pearson’s coefficient calculated. These comparative values 
have been given in Table 3. It will be noted that in general the 
coefficient is lowest for the lungs and that the only other body 
tissue approximating this constancy is the gray matter of the brain. 
On the other hand, the water content of the trachea is quite vari- 
able, relative to that of other body tissues. The coefficient of varia- 
tion of other body constituents, for example lipids,^ runs from 15 to 
40 or more. 


Table 3. — Peabson’s Coefficient op Variation of the Water Content of 

Several Bony Tissues. 


Tissue. 

Respiratory tract (Table 4) 
Distal lung — Tb. II . 
Proximal lung — Tb. II . 
Distal lung— Tb. II . 

Brain — gray matter (8) 
Uterine mucosa (5) . 
Brain— white (8) 

Trachea — Tb. II 
Proximal lung — Tb. II . 
Gingival tissue (4) . 

Teeth (2) 

Trachea-Tb. II . . 


Animal. 

Pearson's 

coefEcient. 

Rat 

0.99 

Rat 

1.1 

Rat 

1.2 

Guinea-pig 

l.G 

Man 

1.6 

Pig 

2.5 

Man 

3.1 

Rat 

3.0 

Guinea-pig 

4.3 

Man 

6.5 

Man 

18.7 

Guinea-pig 

19.0 


It is obvious from these remarks that the water content of the 
lungs is remarkably constant. These results would appear to sub- 
stantiate the suggestion that the water content of lung tissue is under 
a nice control. Since the wide variation in guinea-pigs was found 
due to a bimodal distribution of results, the reason for which was 
not apparent, it was decided to continue the work using albino rats 
only. 

The Effect of Age. The present work was begun with a group 
of older, mature albino rats weighing 300 gm. and continued with 
young rats weighing 150 to 200 gm. bred from the original stock. 
To ascertain if there was any difference in the water content of the 
respiratory tract of these two groups, results in 19 of the older 
animals were compared with results in 11 of the young rats, the water 
content being determined in both groups during June and July. 
There was no significant difference in the water content of the whole 
respirator!" tract nor of the distal part of the lung but the trachea 
of the young rats contained slightly, but significantlj", more water 
and the proximal part of the lung slightly but significantly less water 
than tlie corresponding parts of the older rats. The younger rats 
were used when they had reached at least 150 gm. in weight for the 
remainder of this work. 
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Seasonal Variation. As data accumulated, it became obvious 
that the water content of the respiratory tract was varying at certain 
seasons of the year. When the results for the whole respiratory 
tract were plotted according to the date on which they were obtained 
it became obvious that during the first cold spell of the autumn in 
September and October (early) when outside temperatures fell 
periodically to 60 to 65° V. and the laboratory had not yet been 
placed on regular and uniform heating, a considerable proportion 
of the water values were above normal. An opposite tendency to 
be below the normal range was seen in the results obtained from 
January to March after the animals had been exposed to a prolonged 
period of dry heat from a hot water heating system. This inference 
was drawn from the plotting of 120 determinations of the water 
content of the whole respiratory tract fairly evenly distributed over 
11 months of the year. 

In order to demonstrate these results, the mean of the entire group 
was calculated and was found to be 78.3% of water with a standard 
deviation of 1.16% of water. The results were then divided into 
periods of 5 weeks consecutively, such groups containing at least 
10 animals. The number of animals in each 5-week period with 
water contents above the mean plus the standard deviation of the 
entire group was calculated. Also the number of animals with 
values below the mean minus the standard deviation was found and 
in each case the numbers were expressed as a percentage of the 
entire number of animals of the individual group. These per- 
centages of cases above or below the range of the mean plus and 
minus its standard deviation were then plotted according to season 
in Figure 2. 

The range of the mean plus and the mean minus the standard 
deviation includes two-thirds of all expected values. Of the remain- 
ing one-third of values, a half or one-sixth would be expected to lie 
above this range and one-sixth below it. Or 16.7% of a given dis- 
tribution may be expected to lie above the stated range and 16.7% 
below it. This statistically expected variation is indicated in Figure 2 
as a dotted area. Any variation beyond this dotted zone would 
not be expected in a random distribution of results. Yet in Septem- 
ber and early October, 45 to 67% of values were above the range, 
given 3 to 4 times the expected variation above the range. Also 
in January, February and March, 50% of values were below 
the range showing again 3 times the expected variation below 
the range. 

To prove that these changes graphically illustrated in Figure 2 
were statistically significant, the data were divided into three groups. 
Group A included results obtained in September and early October, 
Group B those in Januar}^ February and March and Group C all 
other values. An analysis of the differences between these groups 
was then made and the results are given in Tables 4 and 5. 
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Table 4 presents data •whicb demonstrate that when the unusual 
results in the early autumn and mid-winter are subtracted from the 
total cases, there remains a group of 71 cases in which the coefficient 



Fig. 2. — The percentage of cases, grouped in S-vreek periods, shon-ing more or 
less water than the range included by the mean plus and the mean minus the standard 
deviation. The dotted area represents the expected variation. 

of variation is only 0.99. This demonstrates again that except for 
these two seasons, the water content of the rat respiratory tract 
remains exceedingly constant. In early autumn there was a rise in 

Tabi-e 4. — A St.a.tistic.vi. Ak.vltsis of Grouped According to Season, on 

THE W.A.TES Content or tbe Entire Respiratobt Tract. 

No. of standard Stand.ard 


Group. 


cases. 

Season. 

Mean. 

deviation. 

error. 

A . 


. 35 

Sept.-Oct. 

79.7 

O.SS 

O.IG 

B . 


. 14 

Jon. —Mar. 

77.2 

0.93 

0.25 

C . 


. 71 

All others 

7S.2 

0.77 

0 092 


the water content of the respiratory tract from a mean of 78.2% 
to a mean of 79.7%. The mean difference of 1.5% of water was 
calculated to have a standard deviation of 0.19; the mean difference 
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was thus 7.9 times its standard deviation which is indicative of an 
overwhelmingly significance (Table 5). In the mid and late winter 
season, there was a fall in the water content from 78.2 to 77.2%, 
giving* a mean difference of 1% of water which had a standard 
deviation of 0.27, the mean difference being 3.7 times its standard 
deviation and again overwhelmingly significant.^ And, of course. 

Table 5. — The Significance op Mean Differences Between Seasonal Groups 
OF Table 4: Group A — Sept.-Oct.; Group B — Jan.— Mar.; Group C — 

All Others. 


Standard 

deviation Mean difference 

Mean of mean ; — ; — 

Groups. difference. difference. Standard deviation. 

A-C +1.5 0.19 7.9 

B-C -1.0 0.27 3.7 

A-B +2.5 0.30 8.3 


there was a similar significant difference between the results in 
early autumn (Group A) and those in winter (Group B). These 
data conclusively demonstrate that there is a significant increase in 
the water content of the whole respiratory tract of white rats in 
early autumn and a significant decrease in winter. 

Seasonal Variation and Fractions of the Respiratory Tract. An 
analysis of the data for each fraction of the respiratory tract was 
made in a manner similar to that for the whole tract which has been 

Table 6. — The Significance op the Effect of Early Autumn on the Per Cent 
Water of the Various Fractions of the Respiratory Tract. 

Standard deviation 
Mean difference of mean 


Fraction. from normal. difference. 

Trachea +2.8 1.2 

Proximal lung +2.0 0.37 

Distal lung +1.0 0.47 


presented above. The effect of early autumn on the several frac- 
tions is analyzed in Table 6. All fractions of the respiratory tract 
were found to have significantly more water in the early autumn. 
The greatest increase occurred in the trachea, then in the proximal 
part of the lung and the least increase in the distal part of the lung. 


Table 7. — The Signific.ance of the Effect of Mid-winter on the Per Cent 
Water of the Various Fractions op the Respiratory Tract. 


Fraction. 
Trachea . 
Proximal lung 
Distal lung . 


Mean difference 
from normal. 

. -4.1 

. -0.5 

. -1.9 


Standard deviation 
of mean 
difference. 

1.4 

0.39 

0.24 


A similar analysis of the water content of the fractions in winter 
revealed that there was a marked decrease in the water content of 
the trachea and distal fractions of the lung with no significant change 
in the proximal part (Table 7). Unfortunately, only 14 animals 
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•winter. The correspondence of these seasons to those in which res- 
piratory infection is epidemic has been noted. 

The authors wish to thank Mr. E. R. Angehrn and the Ciba Company for a grant 
which defrayed part of the expenses of this investigation. 
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DISEASE AND THE NEGRO: 

Thyroid Involvements. 

By Groesbeck Walsh, A.B., M.D., F.A.C.P., 

CHIEF OP THE MEDICAI. CLINIC, EMPLOYEES HOSPITAL OF FAIRFIELD, 

AND 

Robert M. Pool, A.B., M.D., F.A.C.S., 

assistant CHIEF SURGEON, EMPLOVBES HOSPITAL OF FAIRFIELD, 
FAIRFIELD, ALA. 

From the relatively sparse literature on thyroid disease in the 
negro the idea was obtained that the condition was regarded as 
uncommon. We have investigated the situation naturally including 
a comparative study of the same condition among whites. Our 
hospital admissions are from a limited territory, representing families 
of employees of the Tennessee Coal, Iron and Railroad Company. 
For a number of years the relative proportion of whites and negroes 
in the employ of this company has been about 60% whites and 40% 
negroes. On January 1, 1938, there were employed 14,074 whites 
and 11,796 negroes. With this in mind, it is interesting to note that 
since the Employees Hospital was opened in November, 1919, to 
December 1, 1937, there have been 96 operations for thyroid disease 
in negroes against 133 operations for the condition in whites. Of 
the negroes, there were 8 males (9 operations) and 83 females 
(87 operations). Of the whites, there were 22 males (23 operations) 
and 101 females (110 operations). 

Although the cases reported here do not comprise a very large 
group it is believed that they fairly represent similar conditions 
among the colored population of this County and State. They 
certainly present a definite comparison of the patients admitted to 
the Employees Hospital over a fixed period. It is logical to conclude 
that in Alabama thyroid disease is as relatively common in negroes 
as in whites. 

The estimated population in the State of Alabama for the year 
1937 was as follows: white, 1,857,522; negro, 1,021,440. A similar 
estimate for Jefferson County was: white, 295,000; negro, 182,100. 
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The normal capacity of the Employees Hospital is 310 beds and 
the 5 ’^early admissions, over a 10-year period, have been as follows: 


Table 1. — White and Negro Hospital Admissions. 


Year. Whites. Negroes. 

1928 4122 2701 

1929 4034 2793 

1930 3989 2593 

1931 3782 2263 

1932 3400 2005 

1933 3516 2267 

1934 3983 2353 

1935 3816 2223 

1936 4008 2418 

1937 4668 2833 


Ten-year total 


39,318 24,449 


Practically all the variations of this disease have been seen except 
the true Riedel’s tumor. The cases were classified as follows: 


Table 2. — Distribution of Thyroid Cases, 

Negroes. Whites. 



Females. 

Males. 

Females. 

Males. 

1. Diffuse toxic thyroids 

... 34 

3 

49 

15 

2. Diffuse non-toxic thyroids 

... 3 

0 

2 

0 

3. Nodular toxic thyroids 

... 27 

3 

44 

5 

4. Nodular non-toxic thyroids 

... 20 

3 

14 

2 

5. Carcinoma 

... 2 

0 

1 

1 

6. Suppurative thyroiditis . 

... 1 

0 

0 

0 

Totals 

... 87 

9 

110 

23 

Grand totals 

96 


133 




Place of birth. 



' Alabama, 

Georgia. 

Mississippi. Louisiana. 

Negro males (9 operations) 

8 . . 8 




Negro females (87 operations) 

83 . - 72 

6 

4 

1 


Of the negro males, 6 were married and 2 were single. Of the 
negro females, 79 were married and 4 were single. The age inci- 
dence was interesting and according to the decades of life was as 
follows: 


Table 3. — Thtboid Cases According to Sex, Color and Age Groups. 



Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 


decade 

decade 

decade 

decade 

decade 

decade 


(H-20). 

(21-30). 

(31-40). 

(41-50). 

(51-GO). 

(61-70); 

White males 

1 

4 

2 

12 

3 

1 

White females 

14 

36 

41 

13 

6 


Colored males 

1 

4 

3 

1 



Colored females 5 

25 

45 

12 




One of the most interesting observations of these thjToid cases 
among negroes was their attitude toward the condition and towards 
the treatment, including operation. Most had postponed seeking 
medical aid much longer than the white patients with a similar 
complaint. 
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As observed by other workers, this favors a secondary toxic con- 
dition in a thyroid which has been “out of balance” for years. It 
may also account for the fact that many of the negroes have ad- 
vanced toxicity with a corresponding circulatory damage when first 
seen. The negro’s delay and apparent unconcern is detrimental 
because it brings him help only late in the disease. It may be that 
this same attitude of unconcern about his operation and other treat- 
ment is a definite aid to recovery, for he is very skeptical about 
everything he is told and is inclined to only believe just so much as 
he thinks will be to his own benefit. 

The negro also has a peculiar courage when once he has accepted 
advice about surgical procedures; and this, together with his helpful 
cooperation, goes a long way towards recovery. 

Among other things of interest noted in comparing the negroes 
and the whites following thj'roidectomy was the short stay in the 
hospital by the majority of negro patients following operation. 

It was also noticeable that their convalescence seemed easier as 
well as more rapid and that the negroes required very little medica- 
tion such as morphine and other narcotics and sedatives. 

We are of the opinion that these so-called “southern Negroes” are 
likely to present a different picture and different problem from their 
brothers, who have moved to Chicago, Detroit or any of the other 
larger cities of the North and East. This is, no doubt, true because 
the southern negro’s point of view (attitude towards disease) is 
different from the type of negro just mentioned. After several 
years away from his relatives and friends, both white and black, he, 
in the northern metropolis, finds for himself that the body is subject 
to many ills, the names of which he had never heard in his southern 
home. For the first time he learns that he may have a gastric ulcer, 
or cholecystitis or even a goiter. With this change of attitude and 
with this increase in knowledge, he presents himself with the condi- 
tion which his better informed white friend has previously experi- 
enced. 

It has interested us to observe that among the diseases which 
many clinicians, among them Moschcowitz,^*’ believe due to psycho- 
genic causes hjqierthyroidism appears with equal frequency in both 
races. This group is held by some to consist of thyrotoxicosis, 
gastric and duodenal ulcer, mucous colitis, essential hypertension 
and cardiospasm, with otlier diseases bordering on the fringe of these 
complexes. 

As to gastric ulcer in the negro race, in our experience it is rarely 
found and still more rarely complained of. This is confirmed by the 
infrequency of Roentgen ray examinations here investigating this 
condition. The reasons for this state of affairs, discussed elsewhere,® 
are in effect tlie same as those which govern the appearance of 
mucous colitis in this race. So far as that entity is concerned we 
can say with truth that we have yet to see the disease appear in a 
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negro’s body in the same shape and significance as it does in our 
own race. If such events ever take place tlrey have been concealed 
from our notice. 

Cardiospasm we have never observed m a negro; we cannot recall 
ever having seen a negro of these parts who complained of either the 
subjective or objective symptoms of this disease. The name is 
foreign to tlieir vocabularies. 

Arterial hypertension is an actuality in the negro race and we 
have reason to believe that it appears more frequently in this race 
than in the white and that its development comes about earlier in 
the life of the victim. Not only are high blood pressure readings 
common events but death from cerebral hemorrhage and the findings 
of the post hemiplegic state are frequent occurrences among the 
negroes of the deep South. At the same time complaints due to 
this condition are not so frequent in the black man and woman as 
in their white companions. We see the elevated blood pressures, 
and the scars from the hemorrhage into the brains of these people 
but we hear far less of the vertigos, the headaches, the roaring in the 
ears which come to plague the lives of so many Caucasians. 

Many negroes are found hard at work with blood pressures at an 
extremely high figure and are surprised to learn what their physician 
has discovered. Not only surprised but little, if any, concerned. 
We have seen no reason to suppose that they ever entertain any 
sequential ideas as to high blood pressures and a death from apo- 
plexy. They never offer to change their way of living in any man- 
ner and resent universally the idea of refraining from hard labor on 
account of any such discovery. So much for these diseases as a 
group. 

It would appear to us that in nurturing a disease (hyperthy- 
roidism) which first became prominent in white women the negress 
made use of her unwonted powers of imitation. The mere appear- 
ance of a swelling of this description is such as to make an undying 
impression upon all who have seen it. It remains in tlie recollection 
of the onlooker after all other memory of its possessor has departed. 
In a way, we can say that the owners of these lesions have them on 
parade. They are proud of them, make the most of the oppor- 
tunities to have them on exliibition and are not slow to advertise 
the special privileges in life to which they consider themselves entitled 
as a result of this achievement. This attitude has been remarked 
upon more than once among our cleverer writers of fiction, even if 
it has not as yet crept into our technical literature. The persistence 
with which tlie s>TQptoms of this disease return again and again 
gives warning of the tenacity of purpose with which their possessors 
cling to tlieir unusual gift. 

To all the motives which underlie tliis as other forms of disease 
the negress turns a bright and curious eye. Knowing about the 
whites as the negro race does— our habits, personalities and inten- 
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tions — we may be sure that no sooner had a white woman used this 
disorder for making profound changes in her daily existence, than 
the negresses of the community became aware of the procedure. 
From knowledge to purpose and then to achievement are but narrow 
steps indeed. 

The state of the knowledge of this disease in the negroes of these 
parts is only fair, not comprehensive. They alwa5^s, so far as we 
have observed, call it a “ goiter,” and after the news has been con- 
veyed to them of what ails them frequently inquire if it is an “ in- 
ward goiter” as differentiated from an “outward goiter.” We 
have never heard them use the word “thyroid” or “hjqierthyroid- 
ism.” Details of symptoms seem to be unknown to them. They 
have become aware that certain events follow in those who have 
contracted this malady. As a rule, they defer all forms of treat- 
ment until the growth is far advanced. 

The results of this racial comparison in the occurrence of thyroid 
disease in our opinion casts doubt upon theories advanced to explain 
its appearance in the white race. Moschowitz®“ and others have 
defined a tjqie of individual in which the sickness is apt to develop. 
This personality possesses certain physical and intellectual stigmata; 
to such a degree, in fact, that the observer might be warranted in 
predicting when and where such a catastrophe might make its 
presence knovm. We cannot help but feel that much of what we 
have deduced from becoming familiar with the negro of the deep 
South contravenes many of these ideas. The white woman destined 
to fall a prey to this misfortune has been portrayed as a high strung, 
nervous, self centered introvert. We have no such Dqies among the 
negresses who have come under our care for this form of malady. 
The description of such characters as met with among Caucasians 
display qualities physical and mental which are not encountered in 
the more primitive race. Aside from the exophthalmos which is so 
commonly found among the negroes and which is one of their racial 
insignia, we have searched in vain for the other well known evidences. 
Apart from the protruding eyes, the character of the negro as we 
have come to know it represents the very antithesis of that which 
antedates hyperthyroidism in the wliite. All that we have been 
able to ascertain informs us that in the development of this disease 
in the negro other circumstances play a part more important than 
personality characteristics. 

The apparentness of the disease, whereby the sufferer presents 
her disability to the sight of all is a factor. While due to its pas- 
sivity it may lack the drama of a major hysterical con\nilsion, its 
appeal is undeniable and more dramatic than most that we know of 
in the world of sickness. All tliat happens to such sufferers is 
well known to our negro companions. The benefits to the white 
women in curtailing their sufferings and dangers in child bearing 
have, we are certain, been estimated with accuracy by their negro 
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contemporaries. The rapidity with which imitation has progressed 
in this regard among negroes has exceeded that noticed in other 
complexes such as gastric and duodenal ulcer because the picture 
has been necessarily more easily understood. We have every reason 
to believe that the development of Graves’ disease in the negro 
race will become more frequent as time goes on, as they are educated 
by their own powers of observation as to how this condition can 
mitigate the harshness of their lives. 

Case History and Postmortem. Case 97577, C.P. About 6 weeks 
prior to admission she first notices a throbbing parietal headache. These 
headaches occurred 2 or 3 times daily and lasted over 30 minutes. Definite 
enlargement was noticed in the anterior part of the neck 1 month before she 
was admitted. Dyspnea came on 2 weeks before she was seen. This 
symptom with its accompanying nervousness was noticed after exercise and 
the taking of food. Associated with the shortness of breath was a dis- 
tressing pain in the left anterior chest. Her estimation of her own weight 
loss was 35 pounds in the previous 6 months. She had had no previous 
operations. The family history was negative. 

Physical examination showed a fairly well nourished negro woman of 
38 years. The examination of the head and neck was negative with the 
exception of a smooth, bilateral enlargement of the thyroid gland. The 
chest showed a slight precordial pulsation and some evidence of cardiac 
enlargement. The heart rate was rapid, the rhythm good. A systolic 
murmur was present. The blood pressure was 146/70. The abdomen and 
pelvis failed to reveal any disorders. Tremor was marked.. Fluoroscopic 
examination showed a substernal mass in the upper mediastinum somewhat 
more marked on the right side. The BMR was -1-37. Laboratory exami- 
nations were negative. Lugol’s solution, sedatives and bed rest were em- 
ployed for 8 days when the resulting improvement made sm-gical interference 
advisable. 

Under cyclopropane anesthesia a subtotal thyroidectomy was done. The 
microscopic diagnosis was “simple parenchymatous hyperplasia of the 
thyroid gland.” Postoperative improvement lasted less than 24 hours, 
to be terminated by the patient entering a thyroid crisis accompanied by 
high temperature, rapid pulse and uncontrollable nervous Simptoms. 
Despite the use of oxj'gen, morphine in large doses and other appropriate 
measures the end came 3 days after the operation. 

Avtopsy Internal Examination. Gross. Head — not opened. Thorax — 
both lower lobes of the lungs were dark red, solid, heavy and a little wet. 
They sank promptly in water. The heart and great vessels were normal. 
The thyimis gland was present and much enlarged — weight 85 gm. There 
was about four times the normal amount of fluid in the pericardial cavity. 

Microscopic. The air sacs in the lower lohes of the lungs are pretty well 
filled vdth leukocjdes, phagocytes and desquamated epithelial cells; also 
there is considerable coagulated non-cellular material. The heart muscle 
and coronaries and aorta were normal. The thymus gland was normal 
microscopicall}’. 

Diagnosis. Marked bilateral hj^postatic, catarrhal pneumonia. Moder- 
ate fatty degeneration of the liver. Moderate passive hyperemia of the 
mucosa and submucosa of the stomach. Much enlarged and persistent 
thjmus. IMarked serous pericardial effusion. 

Tills is the only instance of true thyroid crisis either postoperative 
or preoperative that we have observed in the negro patient. There 
have been occurrences of tliis complication in the white group. In 



RIPLEY; PSYCHIATRIC CONSULTATION SERVICE 


261 


regard to the enlarged thymus gland found at postmortem it is 
interesting to recall that at Mount Sinai Hospital in New York, 
Moschcowitz^® reports that this condition was found in 95% of all 
fatal cases of Graves’ syndrome. He quotes Seelig^ and Haberer^ to 
the same effect. The size of the organ is known, however, to be 
affected by the length of time that exists, between death and the 
onset of disease. 

Conclusions. 1. A short series of thyroid involvements occurring 
in the southern negro has been described. 

2. From a comparison of whites living in the same locality and at a 
similar time period, the disease appears to be of approximately the 
same frequency in the two races. 

3. Why this malady should develop with such frequency in the 
negro, when other sicknesses believed to be of a similar origin are 
rare, is unknown to us. 

4. We think that its accessibility to inspection, the way in which 
it becomes one of the easily discovered and remembered portions of 
the personalities which it inflicts with its presence, are factors which 
cannot be disregarded. 

5. The observations of McCarrison® as to its increased frequency 
among the native population of India after the return of native 
soldiers from the World War points toward the potency of imitation. 

6. We have never been able to lose sight of the fact that the de- 
velopment of this sickness offers to women a means of escape from 
what they esteem to be other and more pressing dangers and dis- 
comforts. 
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PSYCHIATRIC CONSULTATION SERVICE IN A MEDICAL IN- 
PATIENT DEPARTMENT. ITS FUNCTION IN DIAG- 
NOSIS, TREATMENT AND TEACHING. 

By Herbert S. Ripley, M.D., 

assistant attending psychiatrist, new Y’ORK hospital; instructor in 

PSYCHIATRY, CORNELL HNmERSITY' MEDICAL COLLEGE, NEW Y'ORK, N. Y. 

(From the New York Hospital and the Departments of Psj’chiatry and Medicine, 
Cornell University Medical College.) 

In recent years the scientific study of the interrelationship between 
emotional factors and bodily processes has come to occupy an increas- 
ingly prominent place in medicine. Although the importance of 
the role that personality disorder may play in physical disease has 
been emphasized by psychiatrists* and internists for years, many 
physicians continue to think of an illness as being either mental 
or physical. The untenability of this concept of duality between 
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mind and body becomes clear when attention is paid to the study 
of individual patients through the cooperative efforts of the internist 
and the psychiatrist. 

Consideration of the patient as a Avhole tends to be lost sight of in 
a large urban hospital. In such a setting it has become necessary 
for us to investigate much that tlie family physician knew tlirough 
social contact in the community and Ausits to the homes of the people 
whom he treated. The understanding of patients, Avith emphasis 
on relieving their pains and allaj'ing their fears, was taught to the 
young assistant or medical student who served as his apprentice. 

The organization of the psychiatric consultation activities in the 
medical in-patient service of the New York Hospital illustrates a 
plan which has proA^ed practical both for the study, diagnosis and 
treatment of the patient and for the teaching of the house staff 
of the Department of Medicine and the medical student. 

One full-time physician has been assigned bj’^ the Department of 
Psychiatry to examine and treat patients Avith psychiatric problems 
on the medical pavilions. Consultations are at the request of the 
physician in charge. After the psj'chiatrist’s initial interview’’ the 
patient’s illness is discussed AA'ith the internist AA’ho is encouraged 
to carry out psychiatric treatment if this is feasible. Many patients 
need more detailed investigation of the physical and emotional fac- 
tors, AA’hich requires further discussion betw’een the psychiatrist and 
the internist. Some cases are treated by the psychiatrist on the 
medical service. The psychiatrist spends one afternoon a AA’eek in 
the Psychiatric Out-Patient Department where psychotherapy 
AA’hich had been started on the medical service is continued with 
selected patients. Other patients w’ho need further cA’aluation or 
treatment are seen in conjunction AA'ith the internist in the medical 
folloAA’-up clinic. This clinic is designed to give the medical resident 
staff an opportunity to study the progress of patients A\'ho have been 
discharged from the in-patient service. 

Many patients have presented diagnostic problems to the outside 
physicians who have referred them to the hospital for opinion. In 
this group are a large number AA'hose illness is largely a psychiatric 
problem. It has been found that the patient AA'elcomes an inA'esti- 
gation of his personality reactions and situational problems as a 
part of a thorough study of his condition and that he looks upon it 
in much the same AA'ay as he does special examinations b/ otlier 
consultants. 

Since the opening of the present building of the Ncaa' York Hos- 
pital in 1932, from 127 to 164 patients on the medical pavilions have 
been seen annually by a psychiatric consultant. At first, the psychi- 
atrist usually saAA' the patient once and gave a single AATitten opinion. 
In the last 2 years, during which time the author has acted as 
psychiatric consultant, the AA'ork has been expanded so as to empha- 
size folloAA-up intervieAA's for the purpose of either further contrib- 
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uting to the diagnostic formulation or carrying out psychotherapeutic 
procedures which may be indicated. During the past year, on a 
medical serviceof 111 beds, 218 patients out of 1409 admissions (15%) 
have been seen by the psychiatrist. In addition there were 443 
follow-up interviews, making a total of 661 visits. The consultations 
on the four divisions of the service were as follows: male general 
medical pavilion, 91 out of 425 admissions (21%); female general 
medical pavilion, 79 out of 391 admissions (20%) ; chronic infectious 
pavilion, 26 out of 258 admissions (10%); acute infectious pavilion, 
22 out of 335 admissions (7%). 

Post-Graduate Teaching. The purpose of the teaching is to train 
the interns and residents to recognize psychiatric problems, to treat 
those of a simple type and to delegate treatment of the more com- 
plicated cases to the psychiatrist. Stress is laid on understanding 
the patient as a whole and the integration of the emotional and 
physical features of an illness. The knowledge of psychiatry which 
the house officer has obtained as a medical student can be reinforced 
and extended by its use in dealing with patients under his care. 

Instruction is carried on by means of written reports and informal 
discussions with attention to the psychiatric principles involved. 
Contact with the diagnostic problems showing prominent psychia- 
tric features which have not been recognized by others serves as a 
stimulus to the development of interest and awareness of problems 
which will require attention, no matter what the field of special- 
ization may be. In the setting of a medical pavilion the practical 
value of psychiatry and its fusion into general medical practice can 
be clearly seen. Teaching of this tjq)e may well supply the need 
which has been recognized for post-graduate psychiatric teaching. 
In some hospitals this has been carried out by having the intern 
rotate through a psychiatric service or spend a period of time in a 
psychiatric hospital. If there has been satisfactory instruction in 
the psychoses in the medical school course in psychiatry, it may be 
more worth while to lay emphasis on the less severe psj'chiatric 
problems seen in the general hospital and to stress the application 
of psychobiological principles with attention to the hereditary, 
constitutional, economic, social and personality features as well as 
the purely medical aspects. The trained psychiatrist may thus be 
of value in contributing to the further understanding of emotional 
reactions of a type that the general physician will frequently see. 

Teaching of Mescal Students. With the expansion of the teaching 
of psychiatry in medical schools new emphasis has been placed on 
instruction by use of case material found in the general hospital.^" 

Teaching of tlie third-year students in the Cornell University 
hledical College is carried on tlirough presentation of patients both 
on the psychiatric in-patient service and the medical in-patient 
service, during the trimester they are studying psychiatry. Students 
are divided into groups of 6. Each group sees 9 patients on the 
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medical service. The patient is examined by the psychiatrist before 
the group, important facts of the history, and physical and laboratory 
findings are given, and the illness is discussed with special attention 
to the psychodynamics and the treatment. Each student is requested 
to vTite a report on 1 patient he has seen showing psychosomatic 
features. 

During the trimester when the students are acting as clinical 
clerks on the medical service, 12 weekly conferences are held at 
each of which a student presents a case he has worked up. He is 
encouraged to develop an understanding of the factors which are 
important in the origin of the illness, both mental and physical, and 
their interrelationships in the patient he has examined and with 
whom he has had an opportunity to develop a doctor-patient rela- 
tionship. After the student has presented his findings at the con- 
ference, the psychiatrist examines the patient before the group and 
demonstrates significant findings in the psychiatric examination 
and methods of psychotherapy. The last part of the hour is devoted 
to an open discussion which offers the whole group an opportunity 
to raise questions. Informal discussions with individual clinical 
clerks are also held. 

Types of Problems. The psyehiatrist is consulted about a wide 
variety of emotional reactions which range from mild incidental 
personality features to major psychotic developments. Billings 
has reported in a study’* of 745 cases examined that the general 
hospital offers an excellent cross-section of psychiatric material. 
The patients in our study may be divided into six groups for the 
purpose of discussion. An analysis has been made of 218 patients 
seen during a single year. 

The first group consists of 26 patients (12%) with minor problems 
of personality adjustment in vdiich tlie physician feels that the 
opinion and advice of the psychiatrist maj'^ be of value from the 
mental hygiene standpoint. In the analysis of the personality fea- 
tures of such patients the outline devised by Diethelm" has proven 
useful. 

This tjpe of problem is illustrated by the case of a 14-year-old 
school girl who showed signs of mild emotional instability and had 
diflBculty in cooperating with the nurses while being treated for 
bronchopneumonia. The patient discussed her home and school 
difficulties which centered around the father’s having divorced the 
mentally ill mother, the remarriage of the father, problems in her 
adjustment to both the mother and the stepmother, the antagonism 
of an older brother, and the change from a school where there 
had been considerable freedom to one which had a strict set of 
rules. After discussions with the psychiatrist the patient showed less 
emotional instability. In order to help the stepmother to under- 
stand the patient, a brief formulation of the patient’s situation 
was presented to her. 
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In the second group of 62 patients (28%) are primarily psycho- 
neurotic reactions which require a study of the development of 
the physical and emotional symptoms and their interrelationships. 

A 34-year-old, married salesman presented the chief complaints of pins 
and needles sensations over the left side, headache, throbbing in the neck, 
“irritation of the left eyeball,” hot sensations over the left ear, “paralysis 
of the intestines,” generalized "numbness,” and mild depressed feelings. 
No constant neurologic abnormalities could be demonstrated. During the 
interview with the psychiatrist the patient talked of minor worries and 
symptoms. He then became very tense and said that what had been bother- 
ing him was the fact that 3 months before admission he had been told by a 
physician that he had syphilis. Symptoms had developed rapidly after 
that. When he was assured that no signs of syphilis had been found and 
that his complaints could occur because of worry he was greatly relieved 
and had a dramatic disappearance of all his symptoms with restoration of 
confidence and a normal mood reaction. 

A psychoneurotic reaction of longer duration is illustrated by 
the following case; 

A 34-year-old, single, electrical engineer had complained of fatigue and 
poor health since the age of 15, which had become increasingly more marked 
so that he had done no work for 4 years. He insisted that he had some phys- 
ical illness which no doctor had been able to discover. He was told that 
an investigation of his personality might be of help in understanding his 
illness. Many emotional problems centering around his sexual drive and 
dissatisfaction -with his work were apparent. The relationship between 
emotional difficulties and the increased severity of his symptoms was seen 
by the patient. He accepted the formulation that his illness was primarily 
functional and after discharge continued to have psychotherapy in the 
Psychiatric Out-Patient Department, with marked improvement as shown 
by disappearance of excessive fatigue and ability to return to w'ork. 

In a third group are 71 patients (32%) with physical illnesses 
complicated by psychoneurotic features. The influence of psycho- 
genic factors is frequently prominent in such conditions as hyper- 
thjToidism, migraine, peptic ulcer, hjqiertension, and asthma. Com- 
bined treatment by the internist and psychiatrist is indicated. 

A_50-year^ld accident prevention inspector was admitted because of 
persistent hiccouglung which had prevented him from taking sufficient 
nourishment for 6 days. Prerdous studies indicated that he had spasms 
invoking the gastro-intestinal tract in reaction to emotional difficulties 
of many years' duration. The hiccoughs disappeared under hypnosis, enab- 
ling the internist to proceed with a further investigation of his physical 
conditipn. Roentgen-ray examination revealed a diaphragmatic hernia 
which it was likely he had had for many years. The surgical consultant 
felt that operation was not indicated. It appeared that under increased 
stress caused by domestic quarrels and anxiety over liis work the combined 
influence of the emotional factors and the physical abnormality resulted 
in the development of the hiccoughing. 

A 30-year-old milk deliverj’’ man presented sjnnptoms of Graves’ disease. 
He had been well adjusted until after marriage to an unstable woman who 
had a psychoneurotic reaction of the anxiety tj-pe. He felt insecure in his 
work and wished to obtain a permanent position on a police force so that 
he would have the assurance of a pension. TiOiile on the waiting list for 
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this work he developed a duodenal ulcer. This lesion responded to treat- 
ment in the hospital. On returning to work he had more difficulty in making 
collections from his customers and had to work overtime. Over a period 
of eight months he had increasing symptoms of hyperthyroidism. He was 
relieved by unburdening himself, developed a calmer attitude toward his 
life situation, responded well to the treatment preparatory to operation, 
and made a good adjustment to his work after thyroidectomy. 

A 15-year-old high school student had had recurrent asthmatic attacks 
for 1 year. When seen she had had four previous admissions to the hospital 
in the preceding month with prompt relief of symptoms as soon as she 
entered the hospital. Preceding her fifth admission the was brought to the 
accident pa%Tlion appearing prostrated and moaning and groaning continu- 
ously. She told the psychiatrist that she was very sensitive about her 
height, that she was disturbed by breaking off a friendship with a boy, and 
that she had considered killing herself. Asthmatic attacks had been pre- 
ceded on each occasion by considerable emotional tension. After discus- 
sions she developed understanding of her illness and felt more at ease. On 
discharge she was referred to the Psychiatric Out-Patient Department 
where in further interviews she emphasized that she was excessively depen- 
dent on her mother and that she had conflict over the possible effects of 
masturbation and what her behavior should be while out with boys. During 
the year foUovdng discharge from the hospital she had several very mild 
spells of wheezing when situational difficulties arose but no further severe 
attacks of asthma. 

It is important to bear in mind tliat, although emotional problems 
may be in evidence, a concomitant physical illness is the most impor- 
tant aspect to be considered. In many cases mild emotional disorders 
occur in reaction to organic change. This type of reaction is illus- 
trated by the case of a 28-year-old married physician who was 
admitted complaining of excessive fatigue and muscular wealcness. 
Previous to admission several physicians had made a diagnosis of 
hysteria. When seen by the psychiatrist it was evident that the 
patient had become depressed secondary to his physical symptoms 
on realization that he had a serious neurological disease— myasthenia 
gravis. There was marked improvement upon the administration 
of prostigmine. During discussions emphasis was laid on encourag- 
ing him to continue to lead as active a life as was compatible with 
his physical disability. 

In a fourth group of 30 patients (15%) are those with findings on 
psychiatric examination indicating cerebral organic changes which 
were not severe enough to be diagnosed as a psychosis. Early 
changes due to arteriosclerosis, sj^ihilis, alcohol, and pernicious 
anemia are included. 

All patients with sj^ihilis of the central nervous system have 
psychiatric examinations before and after malarial therapy in order 
to give diagnostic help and to aid in establishing the degree of 
improvement after treatment. Of the 17 patients examined, 13 
showed some evidence of organic cerebral involvement. The value 
of psychiatric examination is illustrated by the following case: 

A 45-year-old married man, 20 months before had been treated with 
malaria because of phj’sical and serologic findings characteristic of general 
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paresis. Although he made a good superficial appearance and had no sub- 
jective complaints it was noted on detailed psychiatric examination that 
he showed definite memory changes, inappropriate emotional responses, 
a false sense of well being, and poor judgment. It was evident that organic 
cerebral changes on the basis of general paresis were progressing and that 
another course of malarial therapy was indicated. 

In a fifth group are 20 patients (9%) with psychotic reactions, 
both functional and organic, including schizophrenia, manic-depres- 
sive psychosis, general paresis, delirium, arteriosclerotic and senile 
reactions, epileptic psychosis, brain tumors, and feeblemindedness. 
Frequently the psychiatrist can make suggestions which may be 
helpful in managing such patients on the medical service. If treat- 
ment cannot be continued in the general hospital, advice may be 
given about arrangements for transfer to a psychiatric hospital. 

A 30-year-old married automobile washer was admitted rvith lobar 
pneumonia. He developed a delirium which made it difficult to give him 
proper care because of his uncooperativeness. He showed marked resent- 
ment to the fact that so many people were caring for him and made reference 
to suicide. Arrangements were made to have only two nurses care for him, 
which seemed to relieve him to a great degree. He responded some to 
reassurance even at times when he expressed many suspicions. When his 
delirium had cleared it was apparent that he had been psychoneurotic for 
many years. After discharge treatment of his emotional difficulties was 
continued in the medical follow-up clinic. 

The following case illustrates the type of reaction that may require 
transfer to a psychiatric hospital. 

A 45-year-old housendfe who was going through the menopause com- 
plained of multiple physical complaints and of feeling depressed. Careful 
investigation failed to reveal any evidence of physical disease. Physical 
complaints continued. Further study showed that she was developing 
somatic delusions. A diagnosis of depression in the setting of the meno- 
pause was made. Since she did not improve, transfer to a psychiatric 
hospital became necessarj^. 

In the sixth group are 9 patients (4%) w'ho on psychiatric exam- 
ination had no findings which could either add appreciably to the 
understanding of the patient or contribute positive findings to the 
formulation of his illness. The following case demonstrates the need 
for sufficient evidence in order to make a diagnosis of psychoneurosis 
and the significance of negative psychiatric findings. 

The patient was a 45-year-old porter who complained of pain over the 
lower half of the back and the entire abdomen of increasing severity for 
two months. Studies of his physical condition failed to reveal anj' lesions 
except for an abnormal glucose tolerance curve showing consistentlj' high 
blood sugar values. On psychiatric examination he showed no eridence 
of personality maladjustment and gave no history of emotional disturbance 
which might account for the development of his symptoms. He continued 
to have more pain, developed palpable abdominal masses, rapidly became 
weaker and died 3_ months after being seen bj' the psychiatrist. The post- 
mortem examination showed carcinoma of the pancreas with e.xtensive 
metastases. 
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Summary. The organization of the activities of a psychiatric 
consultation service in a medical in-patient department as described 
illustrates a plan which has proved to be practical. It has been 
found that a large percentage of the patients admitted presented 
problems in which cooperative investigation by the internist and 
psychiatrist was of definite value in diagnosis and treatment. An 
analysis of 218 patients, who represent 15% of the admissions dur- 
ing a single year to the medical pavilions, shows that 12% may 
be classified as having minor, incidental personality problems, 
28% psychoneurotic reactions, 32% physical illness complicated 
by psychoneurotic features, 15% mild organic cerebral changes and 
9% psychosis. In 4% there were no positive psychiatric findings 
which contributed to the diagnostic formulation. 

Post-graduate and undergraduate teaching was carried out by 
individual discussions and group conferences. Stress was placed 
on obtaining a better understanding of the patient as a whole by 
considering the individual personality and its relations to somatic 
functions. 
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It has been known for many years tliat pellagrins in relapse often 
manifest psychotic changes.®*® The association of so-called psycho- 
neurotic symptoms with subclinical and mild pellagra is recognized 
less frequently and many patients with such sjunptoms are diagnosed 
as “neurasthenics.”'-® Evidence accumulated from the study of 
over a thousand pellagrins during the past 10 years convinces 
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that these sjaxiptoms have certain distinctive characteristics and 
that they are of significance in making an early diagnosis of the 
disease. Although it has been known that these symptoms improve 
dramatically following nicotinic acid therapy, a satisfactory study 
of the characteristics has not been reported since the initiation of 
this therapy. The present communication reports a specific study 
of the initial nervous symptoms in subclinical and mild pellagrins. 

Sixty cases of pellagra (many of which had an associated beriberi 
and riboflavin deficiency) were selected for this investigation, which 
is restricted to an analysis of the symptoms and experiences reported 
by the patients. The psychiatric information obtained was gathered 
during repeated interviews lasting from 1 to 2 hours and by thera- 
peutic tests in which suggestion was eliminated. Neurological 
studies, which will be reported separately,® were made on a number of 
these patients. The symptoms thus observed objectively are not all 
included in this report, but in certain instances are correlated with it. 

The so-called psychoneurotic syndromes usually draw their con- 
tents from the life of the individual, particularly from the experi- 
ences and traumas of childhood and youth. Consequently, the basis 
of the neurosis may vary greatly from one person to another. We 
soon learned that among the pellagrins included in the present study, 
there was an amazing uniformity of mental symptoms which varied 
in intensity and had no connection with the single personality.* 
These common symptoms had elementary features and followed 
the same pattern. They may be classified as follows: 

A. The Elementary Syndrome: 

1. Psycho-sensory disturbances. 

2. Psycho-motor disturbances. 

3. Emotional disturbances. 

B. General Symptoms of the Central Nervous System: 

1. Weakness and increased fatigability. 

2. Sleeplessness. 

3. Headaches. 

The first group of sjTnptoms resembles those which may be found 
in disease of the basal ganglia and thalamus, while the second group 
represents general symptoms which usually accompany any disturb- 
ance of the central nervous system. The subsequent description 
demonstrates that both sleeplessness and headaches of pellagrins 
exhibit some special features which are uncommon and therefore are 
useful in making a differential diagnosis. 

* Examination of the heredity factors of 32 patients revealed: left-handedness in 
19 of their families; migrainous headaches in 16 families; convulsions (diflerent tiTJOs) 
in 9 families; stuttering in S families; feeblemindedness in 4 families; and other mental 
heredities in 2 families. The patients in this series ■were prone to have more than one 
of these stigmata; for instance, migrainous headaches occurred 12 times in combina- 
tion ■ivith left-handedness, con\'ulsions, stuttering or feeblemindedness; con\’ulsions 
of different tji^cs occurred S times, and stuttering 5 times -a-ith one of the other 
factors. ^ In this small group of patients epileptoid heredity prevailed. Ho'vvevbr, 
the significance of this finding requires a special investigation. 
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A. The Elejientary Syndrome. 1. Psycho-sensory Disturb- 
ances. Psycho-sensory disturbances occur in all special senses. 
Patients describe all outward perceptual impressions as making 
them feel “uneasy,” or as “bothering” or “hurting” them. Thej’’ 
dislike bright light and bright colors, and sometimes state that bright 
colors “run together.” Noises are even more annoying than light, 
and sudden noises, such as the slamming of a door or the scream of 
a child, produce immediately an emotional shock and make the 
patient feel “jerky and shaky.” Music of any kind makes them 
“uncomfortable,” and many who enjoyed radio music when in good 
health are now forced to forego this pleasure. In the more severe 
cases, continual noises are almost “unbearable.” Patients who paid 
no attention to odors prior to their illness now find odors, particu- 
larly those of the kitchen and factory, so disagreeable that they some- 
times cause nausea and vomiting. Several patients stated that 
cooking has become “an agony.” Certain strong odors, such as those 
of lysol, ether, or garbage, formerly considered merely unpleasant, 
now actually cause distress. Taste has changed to such an extent 
that foods formerly preferred are now disliked intensely. No rule 
can be established in regard to change in taste; highly seasoned 
food have become disagreeable to most patients, sweet foods to some, 
fried meats to others, and still other patients complain that some 
particular vegetable causes nausea. The patients can be character- 
ized as being “on edge,” irritable and tense. 

Many abnormal sensations of the skin were noted. No definite 
differentiation could be made between those which have been con- 
sidered to be subjectiA’^e and those which might be caused by asso- 
ciated peripheral neuritis. 

A prominent complaint should be stressed : patients complain of 
dizziness, particularly after sudden movements. Getting up, turning 
the head, and bending forward, immediately produce a feeling of 
uncertainty and difficulty in keeping balance. Patients usually 
have the impression of being whirled around their vertical axis, 
although occasionally they feel as if things are whirling around them. 
Simultaneously, flickering stars and dark spots appear in the direct 
field of vision. Sometimes the direct fixation of the eyes on an object 
and a strenuous stare stop the dizzy sensation. Many patients com- 
plain of dizziness while standing still and watching traffic. The 
majority of patients state that their weakness and dizziness is 
immediately increased in heaAy traffic. 

2. Psycho-motor Disturbances. In these patients the motor drive 
is increased. Occasionally, the attitude of the patient is quiet and 
they state tliat they are restless only on the “inside.” But as a rule, 
they are fidgety, change their position frequently, and move around 
a great deal. The degree of restlessness is slight if compared Avith 
the restlessness of an apprehensNe melancholic or with the excite- 
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ment of a severe anxiety state. Patients complain that they feel 
tense and have a desire to quarrel. Sometimes after quarreling 
their tenseness is relieved^ but more frequently it is increased. They 
all complain that a sudden noise or a flash of light makes them jump 
and twitch, indicating an increased preparedness for motor action. 

3. Emotional Changes. Emotional reactions are increased. Pati- 
ents are more excitable and more sensitive than they were before 
their illness. Moreover, the emotional reactions are directed toward 
a depressive response, and a sad and gloomy mood prevails. The 
most striking feature of emotional feature is constant apprehension. 
It is not exliibited in such a demonstrative manner as in the usual 
neurotics, and it rarely reaches the intensity of melancholic appre- 
hensive agitation, h'lany of the patients express various fears, 
frights and phobias, although they make a conscious attempt to 
suppress them. Nevertheless, tliis constant apprehensive mood 
often changes the habitual attitude of the patient. For example, 
a brawny coal miner said, “I’m scared to death. If I see two men 
fighting with their fists, it seems to me that I will pass out.” Before 
he became ill he used to look for quarrels and liked to engage in 
prize fights. The emotional outlook toward the future is gloomy 
and pessimistic, and imminent danger is expected constantly. If 
patients are asked what they think when they see two cars passing 
each other, they invariably reply: “I expect a crash.” 

It is remarkable that these patients make little or no attempt to 
explain and to rationalize all these strange experiences. In the 
process of the development of psychoneurosis, somatic sensations 
may be compared to tools which the personality uses in order to 
strengthen its defenses against latent conflicts. Many neurotics are 
unhappy and desperate about their own unhappiness. This attitude 
is not characteristic of pellagrins. They describe symptoms that 
are strange to themselves, self-distant, and not connected with their 
personal life. To them these symptoms are just as elementary as 
aches and pains in the extremities, burning of the skin, or sensations 
caused by changes in the alimentary tract. 

B. General Symptoms op the Central Nervous System. 
1. Weakness and Increased Fatigability. Although increased motor 
drive and restlessness are apparent, tliese patients complain of weak- 
ness. This may be due to neuritic changes and an insuflicient caloric 
intake. However, the degree of weakness does not parallel the 
changes observed by Leuy, Spies and Aring® in chronaximetric 
examinations, and many persons whose caloric intake was ade- 
quate complained of weakness. Weakness, observed objectively, 
may not reach a liigh degree; patients are often able to do much 
of their work, yet they tire easily. There is a constant struggle 
between restlessness and the desire to rest, with restlessness often 
prevailing. 
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2. Sleeplessness. In many cases, sleeplessness is a major symp- 
tom. Patients usually fall asleep between 12:00 and 2:00 o’clock 
at night and awaken at about 5:00 in the morning. Frequently, 
even this short period of sleep is interrupted. Patients state emphat- 
ically that their sensory disturbances do not prevent them from 
falling asleep or cause them to awaken, thus further differentiating 
this nervous syndrome from the usual one of psychoneurosis. 
In spite of the constant apprehensive attitude, no bad dreams or 
nightmares were reported. 

3. Headaches. Many patients report having had “sick head- 
aches” since childhood. The headaches prior to the onset of pellagra 
and the headaches associated with pellagra resemble migrainous 
syndromes in many features. The headache usually seen in these 
cases occurs suddenly. It is localized in the forehead and in the 
temples, and is accompanied by scintillating scotomas. Nausea 
and vomiting are reported frequently, and sometimes relief is felt 
after vomiting. Many patients have dizzy spells along with the 
headaches. The headache syndrome exhibited by these patients 
is clinically indistinguishable from migraine. 

Although this nervous syndrome has been found regularly in these 
cases of developing nutritional distinbances, the question arises 
as to whether these changes are produced directly by a specific 
deficiency of a single chemical substance. To determine the effect 
of certain of these nutritional substances, a few crucial studies were 
made. Pellagrins were given large amounts of either cocarboxylase, 
nicotinic acid, riboflavin, or synthetic vitamin Bi. Nexmologic 
and nervous changes were studied, and certain metabolic determi- 
nationswere made on samples of blood before and after therapy. The 
correlated results will be published in another paper. It may be 
noted, however, that the intravenous injection of cocarboxylase or 
vitamin Bi produced an immediate reversal of the neurologic signs 
within a few horn’s, while nicotinic acid, administered orally, produced 
a similar effect after a longer period of time. In contrast, the 
oral administration of riboflavin had no such effect upon the symp- 
toms arising from the nervous system. 

The following case report illustrates the effect of cocarboxylase 
therapy: 

June 22, 1939. Mrs. F. F., a white pellagrin of 39 years com- 
plained of ill-health during the spring and summer of the past 3 
years. She said that her mouth became sore, that her stomach felt 
“sick,” and that her back and arms ached. Noises made her “jumpy 
and shaky,” and odors “botliered” her. Sudden movements caused 
dizziness. She was restless, exeitable, and easily frightened. She 
felt depressed and was apprehensive, constantly expecting some harm 
to befall her family. She tired easily; but although she felt tired, 
she kept busy all day because she was too “fidgety” to rest. She 
seldom fell asleep before 2:00 a.m. and usually got up at 5:30 a.:m. 
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A total of 200 mg. of cocarboxylase* was administered intrave- 
nously in 50 mg. doses within a period of 2 hours. One hour later 
she reported that she felt relaxed and stronger, that she had ceased 
to worry, and that she felt like resting. That night she fell asleep 
at 9 ;00 p.m. and awoke at 5 :30 a.m., feeling rested. She stated that 
her nerves were ‘'a whole lot better” and that she had not "felt so 
well in three years.” 

Following the administration of cocarboxylase the bisulphite- 
binding substances in the blood decreased. Neurologic examina- 
tion showed that the severely disturbed touch and pain sensitivity 
which had been previously found, returned to normal within 24 hours . 
The corneal reflex, which had almost disappeared, improved signifi- 
cantly. Pupillary motor reaction and differentiation of brightness, 
though normal throughout this study, increased in acuteness for 
a period after the injections. However, abnormal tendon reflexes, 
nystagmus, and weakness of convergence remained unchanged 
after the medication. 

Either cocarboxylase (or vitamin Bi) or nicotinic acid may relieve 
the initial nervous sjTnptoms of a developing nutritional deficiency; 
and both of these substances have been found to be involved in the 
process of oxidation of carbohydrates.^ Lack of either may cause 
changes in the brain which, in turn, alter carbohydrate metabolism. 
The investigations of Himwich and Nahum® and Lennox^ have shown 
that the brain utilizes predominantly carbohydrates. Any change 
in the metabolism of carbohydrates may influence the functions 
of the brain. In experiments on excised tissues, Dixon and Meyer’^ 
showed that the cerebral cortex and the cerebellum have the 
highest metabolic requirements of the brain structures. Hence, 
these parts should be the first to be affected by metabolic changes. 

Discussion. It has been emphasized that no connection could 
be established between the experiences of the single personality and 
the initial nervous syndrome of pellagra. The complaints of these 
patients were practically identical, regardless of whetlier their per- 
sonality was simple or complicated, or whether they were illiterate 
or educated. Clinical observation revealed no causal relationship 
of the symptoms to environmental stresses and strains, to personal 
conflicts, or to any of the other usual underlying causative factors 
of neurosis. It appears, therefore, that this nervous s5mdrome may 
indicate a disturbance of the central nervous system. Large doses 
of vitamin Bi or nicotinic acid relieved the symptoms rapidly. 

Tlie s\Tnptoms of the initial psychiatric syndrome of pellagra 
are definite. They are especially important to the physician treat- 
ing tlie subclinical cases in wliich the signs of pellagra are incon- 
clusive. Since nutritional deficiencies may be related to neurotic 


* Furnisbod through the courtcFj- of Merck & Co., Rahway, N. J. 
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manifestations, examination for the nervous symptoms of such defi- 
ciencies should become a matter of routine psychiatric examination. 
Administration of large amounts of either nicotinic acid or thiamin, 
under controlled conditions, will aid in establishing the correctness 
of the diagnosis. 

Attention may be called to another important aspect of the prob- 
lem. It has been shown by this study that developing pellagra 
often causes a rapid breakdown of personality. Men previously 
strong, courageous, and enduring, become shaky, weary, and appre- 
hensive even before the usually recognized clinical signs of pellagra 
develop. Nutritional deficiencies widespread in a population may 
not only weaken the strength, but may also break down the morale. 
Subclinical pellagra or beriberi may be an important factor in the 
fighting morale of an army, supporting Napoleon’s contention 
that “an army marches on its stomach.” 

Conclusions. 1. Sixty patients with subclinical and mild pellagra 
and associated deficiencies were examined and special attention 
given to their subjective symptoms. The symptoms were found to 
be uniform, and they had no connection with the personality. 

2. The symptoms of the initial nervous syndrome associated with 
pellagra are: a, hyperesthesia to all forms of sensation; h, increased 
psycho-motor drive; c, increased emotional drive with a definite 
trend toward depression and apprehension; d, weariness and in- 
creased fatigability; e, headaches; and/, sleeplessness. In general, 
these patients appear to have anxiety states with depressive features. 

3. The etiology of this syndrome was established by the admin- 
istration, under controlled conditions, of large amounts of nicotinic 
acid, cocarboxylase, or vitamin Bi. Following the administration 
of these substances, the symptoms diminished rapidly in intensity 
or disappeared entirely. Despite the clear-cut manner in which 
these substances are specific, the usual case, in addition, should have 
a well-balanced diet. Riboflavin and vitamin Bb, however, did not 
produce the same effect. 

4. Nutritional deficiencies may be involved etiologically in psy- 
chiatric disturbances. 

5. This investigation indicates that nutritional deficiencies may 
cause a disintegration of the personality, including a breakdown of 
morale. 
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THE ABSENCE OF REACTIONS FOLLOWING THERAPEUTIC 
DOSES OF NICOTINIC ACID AMIDE. 

By Henry Field, Jr., M.D., 
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AND 

William D. Robinson, M.D., 

UPJOHN FELLOW IN CLINICAL BE8EARCH, 

ANN ARBOR, MICH. 

(From the Departmentof Internal Medicine, Medical School, University of Michigan.) 

Nicotinic acid, first used by Elvebjem, Madden, Strong and 
Wooley^ to cure black tongue or canine pellagra, has been amply 
demonstrated to have remarkable curative value in human pel- 
lagra.f’®’!® This is so, despite the fact that pellagra is a syndrome 
due to multiple deficiencies and that patients who are deficient in one 
factor of the vitamin B complex may be expected to be deficient 
in and need supplements of other factors to produce a complete 

Free nicotinic acid has not been found in animal tissues. It is not 
the complete vitamin. Elvehjem and his associates'* isolated nico- 
tinic acid amide from liver extract. Nicotinic acid is a necessary 
building stone with which the organism can synthesize complex 
molecular structures, which act as enzymes, essential for normal 
cellular metabolism.^-” Consequently, it is not surprising that 
nicotinic acid should have pharmacological effects of its own, if 
it is absorbed more rapidly than the organisms can synthesize it 
into the natural vitamin. These effects have been reported by 
others. Unless large doses of nicotinic acid are given, unpleas- 
ant symptoms are limited to a peripheral vasodilatation with increase 
in skin temperature and sensations of burning, itching or tingling 
which is usually most pronounced in the face and ears. This need 
not be serious, because it does not usually occur after moderate 
doses until the patient has received nearly the therapeutic amount 
of the drug. 

Nicotinic acid amide has been reported by several workers to be 
effective in the treatment of human pellagra.*---^-” Because nico- 
tinic acid amide is a substance occurring naturally in the body, it 
seemed likely that it would not produce reactions like those produced 
by nicotinic acid. Vilter, Bean and Spies*® reported that the intra- 
venous injection of “much larger” doses of nicotinic acid amide did 
not produce flushing reactions. Alport, Ghalioungui and Hama* 
reported that 1 gm. doses of nicotinic acid amide led only to tran- 
sient headache in 2 cases; it was not stated when in the course of 
treatment these large doses were given. 

Our experience confiims that of Spies, Bean and Stone*- and others 
that reactions to nicotinic acid are less frequent and less intense in 
pellagrins than in normal individuals. Among a large number of 
patiente treated, most of whom would be classed as chronic or 
“subclinical” pellagra, we have seen only 4 who had mild flushing 
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following one of the early 60 mg. doses and these reactions did not 
recur consistently until after a good number of further doses. Con- 
sequently it seemed desirable to test further the tolerance for nico- 
tinic acid amide. 

Method. Seventeen patients were given nicotinic acid until they con- 
sistently had flushing reactions following 40 mg. doses, given in tablets by 
mouth after meals. The first 5 patients were then given nicotinic acid 
amide in tablets by mouth, before meals.* The initial dose was 100 mg. 
Each subsequent dose was increased by 100 mg. until these patients took 
doses of 300, 300, 400, 500 and 500 mg., respectively. One patient took 
1.2 gm. in 3 consecutive doses of 300, 400 and 500 mg. within 10 hours. 

Skin temperature determinations were not made because the 
peripheral vasodilatation which is produced by nicotinic acid is 
readily apparent. No cutaneous flushing was observed in, and no 
abnormal cutaneous sensations were reported by, any of these 
patients. No abdominal or cerebral symptoms such as may follow 
large doses of nicotinic acid were reported. No significant change in 
pulse rate or blood pressure was observed. There was no change in 
the electrocardiograms of 2 subjects following the ingestion of 
500 mg. of nicotinic acid amide. There was a slight decrease in 
amplitude of the T w'ave in Lead II in one subject who subsequently 
was given 750 mg. of the drug by mouth. 

Such large doses would rarely be indicated. Consequently, in 
subsequent observations, 12 patients who had been saturated with 
nicotinic acid as described for the first subjects were given single 
doses of 250 mg. of nicotinic acid amide, by mouth, before meals. 
In no instance has there been any evidence of a toxic effect. 

Summary, Doses of nicotinic acid amide up to 500 mg. by mouth, 
while fasting, have been given to patients who had previously been 
saturated with nicotinic acid so that they consistently had flushing 
reactions following 40 mg. doses, orally, after meals. Ingestion of 
these doses of the amide was not followed by peripheral vasodilata- 
tion or any other of the symptoms which follow the ingestion of 
large doses of nicotinic acid. 

* Nicotinic acid was furnished by the Upjohn Company; nicotinic acid amide was 
furnished bj' General Biochemicals, Inc. 
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Proctoscopic Examination and Diagnosis and Treatment of Diar- 
rheas. By M. H. Streicher, M.S., M.D., Assistant Professor of 
Medicine, University of Illinois, College of Medical Research an,d Edu- 
cational Hospital, and Department of Surgerj’^, Grant Hospital of Chicago. 
Pp. 149; 39 illustrations. Springfield, 111.: Charles C Thomas, 1940. 
Price, S3.00. 

This is a very simply mitten little book which discusses briefly the 
instruments that are used for proctoscopic and sigmoidoscopic examinations 
and the technique used in the passing of the instruments. The story 
is related so briefly that one gets the impression that there is reaU}^' verj'’ 
little sldll necessary in doing a good examination. Some verj’' interesting 
illustrative cases are given in Chapter IV, but far too few for the neophyte 
to obtain more than a very superficial knowledge. Part II, which discusses 
the diarrheas, is also brief but well done. There is a satisfactory bibliog- 
raphy. The volume would be more widely read were the price not so high 
for the amount of material it contains. I. R. 


Recent Advances in Medical Science. A Study of Their Social and 
Economic Implications. By Sir Edward Mellanby, K.C.B., M.D., 
F.R.C.P., F.R.S., K.H.P., Secretary to the Medichl Research Council. 
(The Rede Lecture delivered before the University of Cambridge on 
April 28, 1939.) Pp. 62. Cambridge: At the University Press; New 
York: The MacmUlan Company, 1939. Price, 75c. . ' 

In this small volume the author discusses the significance of medical 
science as related to society as a whole. It is enlightening, interesting and 
convincing. If we agree with him that human life and health, developed 
and enjoyed to a maximum degree by each individual, are themselves the 
most precious of all things in the world, then medical science maj*^ be 
regarded as the most concrete factor in advancing civilization. The author 
traces back to medical science some of the most desirable characteristics 
of modern society, such as cleanliness, but he also points out that there is 
an unreasonable lag in the time between the disclosing of new medical 
knowledge and its application for the benefit of society as a whole. 

The relation of medical science to medical practice and to public health, 
the influence of medical science on health, fertility and population, and its 
necessary role in making tropical countries habitable for those who can do 
most in their development, are among the topics discussed in this lecture. 
It is distinctly encouraging to read a summary of the effects of the advances 
in medical science, and the possibilities that are indicated for the future 
are stimulating. The lecture closes with this statement: “There is no 
limit to the amount of knowledge to be gained, if the medical scientist is 
given the opportunities and facilities for his work. Would that the same 
could be said about the wisdom necessarj* to make the best use of this 
knowledge." 

This brief rdsumd of the significance of medical science should be read 
by students of medicine, by those engaged in medical research and bv 
anyone interested in general problems of health, as a means of orientating 
themselves more fully in the larger needs of modern society. G. R. 
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The Electrocardiogram'and X-ray Configuration op the Heart. By 
Arthur M. Master, B'.S., M.D., F.A.C.P., Associate in Medicine, and 
Chief, Cardiographic Laboratory, the Mt. Sinai Hospital, New York; 
Associate in Medicine, The College of Physicians and Surgeons, Columbia 
University, New York. Pp. 222; 71 cases with 204 engravings. Phil- 
adelphia: Lea & Febiger, 1939. Price, S6.50, 

This is a concise atlas emphasizing the correlation to be found between 
the size, shape and position of the heart and the electrocardiographic 
pattern. The numerous plates are clearty reproduced, with teleoroentgeno- 
grams and electrocardiograms placed adjacently. The legends and the 
bibliography are adequate. A few of the electrocardiographic patterns 
attributed to alterations in the electrical axis might also be interpreted as 
being due to mjmcardial damage. The book is to be recommended as a 
most useful source for reference, either for the beginner, or for one interested 
in enlarging his knowledge concerning the author’s timely point of view. 

W. J. 


N iTRous Oxide-Oxygen Anesthesia. McKesson-Clement Viewpoint and 
Technique. By F. W. Clement, M.D., Director of Anesthesia at Flower 
Hospital, The State Hospital for the Insane, Lucas County Hospital, 
Toledo Dental Dispensary; Anesthetist to Toledo, Mercj*^ and St. Vin- 
cent Hospitals, Toledo, etc. Pp. 274 ; 70 illustrations. Philadelphia: 
Lea & Febiger, 1939. Price, $4.00. 

The author has combined his ideas on nitrous oxide with those held by 
the _late_ E. I. McKesson. General topics such as preoperative sedation, 
respiration, anoxemia, shock, and others are considered. The rnost exten- 
sive uses ever made of nitrous oxide are described in some detail, but the 
author has not reckoned ndth the limitations in skill of the average anes- 
thetist with this anesthetic. The anesthetic techniques in common use with 
inhalation anesthesia, also special methods, are described in connection 
vith nitrous oxide, cyclopropane and ether. The book is a contribution 
to anesthesia; however, it can only be recommended vdth some reservation 
in light of the recent knowledge of insidious damage from oxj'^gen shortage 
to various body tissues. Anesthetists should find the book practically 
useful as well as a memorial to Dr. McKesson. I. T. 


Harvey Cushing’s Seventieth Birthday Party, April 8, 1939. Speeches, 
Letters, and Tributes. Pp. 146; 9 illustrations. Springfield, 111.: 
Charles C Thomas, 1939, for The Harvey Cushing Society. Price, $3.00. 
Six months before Dr. Cushing’s death almost to a dajq the Han’^ey 
Cushing Society celebrated with him his seventieth birthday. In order to 
allow his many admirers who were not able to be present “to share with the 
Society and its guests a little of the warmth and gay intimacy of the occa- 
sion,” this small volume of speeches, letters and tributes has been prepared. 
It is a welcome companion to the Cushing Bibliography. E. K. 


Physiological Differentiation in Lymnasa Columella. By Joshua 
L. Baily, Jr. With a Foreword by Raymond Pearl. (The American 
Journal of Hygiene, Monographic Series, No. 14, April, _ 1939.) Sup- 
ported by the De Lamar Fund of The Johns Hopkins University. Pp. 
133 ; illustrated. Baltimore ; The Johns Hopkins University Press, 1939. 
Price, Sl.OO. 

This very adequate biometric treatment of painstaking series of observa- 
tions proves that the offspring from two populations of a pond-snail, col- 
lected somewhat over 100 miles apart but raised under identical laboratorj’’ 
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conditions, showed very significant differences between statistical means, 
obtained from physiologic characteristics of longevity, fecundity and 
growth. One of the populations seemed to constitute a more settled and 
stable stock, with less acute infant mortality and_ less variability with 
respect to longevity and fecundity although not in regard 'to growth. 
However, the Re'V’iewer suspects that equally accurate measurements of 
morphologic structures might disclose similar divergences between the 
means of the two stocks, even though inspection did give valid e\ddence 
of their close intergradation in shell-form. H. B. 


The British Encyclopaidia of. Medical Practice Including Medicine, 
Surgery, Obstetrics, Gyniecology, and Other Special Subjects. Vol. 11, 
Scarlet Fever to Testis, Undescended; Vol. 12, Tetanus to Yellow Fever. 
Under the General Editorship of Sir Humphry Rolleston, Bt., 
G.C.V.O., K.C.B., M.D., D.Sc., D.C.L., LL.D., Emeritus Regius Pro- 
fessor of Physic, Cambridge; Sometime President of the Ro.yal College 
of Physicians of London. With the assistance in a consultative capacity 
of F. R. Fraser, M.D., F.R.C.P., G. Grey Turner, D.Ch., M.S., 
F.R.C.S., James Young, M.D.,F.R.C.S. Ed., Sir Leonard Rogers, M.D., 
LL.D., F.R.C.P., and F. M. R. Walshe, M.D., D.Sc., F.R.C.P. Pp. 730; 
93 illustrations and 17 plates (6 in color) (^^ol. 11); Pp. 726, 48 illustra- 
tions, 12 plates (3 in color) (Vol. 12). London: Butterworth & Co. 
(Publishers), Ltd., 1939. Price, S12.00 per volume. 

Among the more important articles in Vol. 11 are those on Sex Hormones, 
Occupational Diseases, Skin Tumors, Spinal Cord Diseases, and Syphilis 
(this approaches monographic proportions). 

More than one-fifth of Vol. 12 is devoted to the toxicology of criminal, 
accidental and industrial poisonings, and the subject is further augmented 
by many cross-references. This is a well-considered, useful up-to-date 
presentation of a subject none too well represented in English medical 
literature. Of the other longer articles, one notes that more space is given 
to typhus fever than to tuberculosis; more to yaws than to yellow fever. 
Disorders of the Uterus is given 78 pages; Tumours only 11. The 35 pages 
on Vitamins are useful. Though some of the latest developments, such 
those of vitamin K, are missed, the difficulty in keeping abreast with this 
rapidly moving subject is appreciated by the Reviewer. In fact, these 
volumes can be warmly recommended, for the reasons already given in 
notices of earlier volumes. E. K. 


Malaria in Panama. (The American Journal of Hygiene, Monographic 
Series, No. 13, January, 1939.) Supported by the De Lamar Fund of 
The Johns Hopkins University. By James Stevens Simmons, B.S., 
M.D., Ph.D., S.D., Lieutenant Colonel, Medical Corps, U. S. Army; 
President, Army Medical Research Board, Ancon, C. Z., 1934^5. With 
the Collaboration of George R. Callender, M.D., Lieutenant Colo- 
nel, Medical Corps, U. S. Army, etc., Dalferes P. Curry, M.D., Major, 
Medical Reserve Corps, U. S. Army, etc., Seymour C. Schwartz, B.S., 
M.D., Dr.P.H., Lieutenant Colonel, Medical Corps, U. S. Army, etc., 
and Raymond Randall, D.V.M., Lieutenant Colonel, Veterinary Corps, 
U. S. Army, etc. Pp. 326; 32 figures and 58 tables. Baltimore: The 
Johns Hopkins Press, 1939. Price, 81.10. 

In spite of adequate understanding of the nature of malaria and well- 
developed control practices and chnical management, this disease still 
remains the great obstacle to development of tropical lands. The Canal 
Zone of Panama is one region in the tropics where neither funds nor person- 
nel have been stinted in the effort to be rid of malaria. Yet certain prob- 
lems are still to be solved. The authors of this account have done a valu- 
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al)le service in gathering and analyzing the great amount of material that 
is available. The book is divided into three sections: Part I, “Malaria 
on the Isthmus of Panama (1501-1938)” is made up of two chapters and 
notes on the history of malaria on the isthmus of Panama, and the present 
distribution of malaria in the Republic of Panama. Part II, “Malaria in 
the Panama Canal Zone (1904-1938)” contains five chapters in which are 
discussed the Canal Zone, malaria among Panama Canal employees, human 
carriers of malaria in the Canal Zone, the anopheline mosquitoes of the 
Canal Zone, and sanitary methods used for the control of malaria in the 
Canal Zone. Part III is an account of malaria in the military forces of 
the Canal Zone (1911-1938) separated into four chapters. A brief r5sum6, 
a bibliography and index complete the book. H. R. 


Superfluous Hair and Its Removal. By A. F. Niemoeller, A.B., 
M.A., B.S. With a Foreword by M. H. Marton, M.D. Pp. 155; illus- 
trated. New York: Harvest House, 1938. Price, 82.00. 

In this small volume the author summarizes briefly existing knowledge 
regarding a problem of considerable importance to the individual suffering 
from an unusual growth of hair. He discusses briefly the question of 
anatom}', the methods of hair removal employed in various parts of the 
world, and the A'arious techniques that are used. This is followed by chapters 
dealing with the removal of hair as it is carried out in the various parts of 
the body by experts, and a final chapter deals with its removal by the 
patient herself. Numerous prescriptions for depilatories are included. 
The volume would seem to have a verj' definite value in the library of the 
dermatologist and cosmetician, but in the hands of the lajunan might 
easily lead to undesirable complications. D. M. 


Cardiovascular Diseases. Their Diagnosis and Treatment. By David 
S cHERP, ]\I.D., and Linn J. Boyd, M.D., F.A.C.P., Associate Professor 
of Clinical Medicine and Professor of Medicine, respectively. The New 
York Medical College, Flower and Fifth Avenue Hospitals. Pp. 458; 
10 illustrations. St. Louis: The C. V. Mosby Company, 1939. Price, 
86.25. 

This is a very readable adaptation of Dr. Scherf’s Klinik imd Therapic 
der Hcrzkrankheiien imd der Gcfiisserkrankungen (Vienna, Julius Springer, 
1938). It contains well-indexed dissertations on all of the important 
aspects of cardiovascular disease. Emphasis is placed upon physical diag- 
nosis, abnormal physiology, and principles of treatment. For the physician 
desiring to enlarge his knowledge in this field, the book will supply much 
of practical value. There are many concepts and recommendations of 
continental flavor, all of which the critical American reader will not be 
able to accept. W. J. 


Architecture of the Kidney in Chronic Bright’s Disease. By Jean 
Oliver, Professor of Pathologj', I^ong Island College of Medicine; Path- 
ologist, The Hoagland Laboratory; Formerly Professor of Pathology, 
Stanford University. Pp. 195; 59 text illustrations (some in colors); 
23 plates; 16 stereograms. New York: Paul B. Hoeber, Inc., 1939. 
Price, 810.00. 

This book is a significant contribution to studies in the pathology of 
Bright’s'disease, a tribute to painstaking research and a challenge to further 
investigation along these lines. The author’s premise, that the necessity 
of basing a three-dimensional histopathologic concept on deduction from a 
two-dimensional picture may lead to grave error in the true visualization 
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of the diseased kidney, seems to be a logical one. By means of naicro- 
dissection and plastic reconstruction techniques the author has studied a 
number of diseased kidneys, comparing his own morphologic findings with 
the flat histologic sections of the same tissues and the clinical course of the 
patient. These studies are copiously illustrated with drawings and photo- 
graphs. The author also reexamines various theories regarding the_ altered 
morphology of the diseased kidney in its relation to altered function and 
finds certain of them lacking in the light of his o^vn investigations. 

Certainly the morbid anatomic basis of Bright’s disease is a shifting one. 
These investigations and further investigation with the three-dinaensional 
concept as a background will do much to fix the pathologic basis firmly, 
which in turn will aid greatly in solving the vital problem of accurate 
correlation between the clinical manifestations and altered morphology in 
Bright’s disease. F. M. 


Protozoology. By Richard Roksabro Kudo, D.Sc., Associate Professor 
of Zoology, The University of Illinois. Enlarged and completely rewrit- 
ten edition of Handbook of Protozoology. Pp. 689; 291 illustrations. 
Second edition. Springfield, Rl.: Charles C Thomas, 1939. Price, 
86.50. 

In preparing a second edition of his “Handbook of Protozoology,” the 
author has not only revised, but has rewritten and greatly expanded the 
text, and has therefore given it a new title. There are many new and up- 
to-date illustrations and many of the former figures have been redrawn, 
regrouped and enlarged. Much new material has been added to the intro- 
ductory section which now includes chapters with the headings: 1, Intro- 
duction, 2, Ecology, 3, Morphology, 4, Physiology, 5, Reproduction, 6, 
Variation and Heredity. A total of 170 pages is devoted to this series of 
chapters in contrast to the 59 pages of introductory material of the earlier 
edition. 

The taxonomic part of the book, which covered 360 pages in the previous 
edition, has been expanded to 471 pages. The taxonomy has been modern- 
ized throughout, but more especially in the parts dealing with the Mastigo- 
phora, Sporozoa and Ciliata. In the new edition, 1075 genera and 1530 
species are characterized in comparison with 686 genera and 915 species in 
the “Handbook.” The appendix of the first edition has been omitted, but 
the index, which filled 30 pages in the earlier edition, has been expanded 
to 46 pages in the new. Altogether, this rewritten, enlarged and modern- 
ized “Protozoology” is a distinct advance over the earlier “Handbook of 
Protozoology” by the same author. D. W. 


Perspectives in Biochemistry. Thirty-one Essays Presented to Sir 
Frederick Gowland Hopkins by Past and Present Members of His 
Laboratory. Edited by Joseph Needham and David E. Green, Pp. 
361; illustrated. Cambridge: At the University Press; New York; The 
Macmillan Company, 1939. Price, 84.75. 

This is the third reprinting of these essays which were originally published 
in 1937 and presented to Sir Frederick Gowland Hopkins on the 75th anni- 
versary of his birth. _ In the editors’ introduction they state, “The aim of the 
■vraiters of the following essays has been to indicate the most promising lines 
of advance in the various fields which they survey, and while maintaining a 
due standard of criticism, to speculate a little on the likely paths of future 
thought and discovery.” The essays cover a very wide range of physiology 
taken m its broadest sense. They are very clearly written and in a suffi- 
ciently _non-technical manner that anyone at all familiar with the physio- 
logic sciences can profit by them. J. J. 
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Intections of the Hand. By Lionel R. Fifield, F.R.C.S. Eng., Late 
Surgical Registrar and First Assistant and Demonstrator of Anatomy, 
London Hospital; Demonstrator of Minor Surgery, London Hospital. 
Second Edition by Patrick Clarkson, F.R.C.S. Eng., Surgical Tutor, 
Guy's Hospital; Demonstrator of Anatomy and of Operative Surgery, 
Guy's Hospital Medical School. Pp. 167; 57 illustrations, including 8 
plates (2 colored). Second Edition. New York: Paul B. Hoeber, Inc., 
1939. Price, $3.25. 

In the preface to the first edition of this book Mr, Fifield acknowledged 
his indebtedness to Kanavel and justified the publication of this work on 
the ground of the need for a “much smaller and simpler book for students, 
house-surgeons and practitioners.’’ The second edition, which was com- 
pletely rewritten and enlarged by Mr. Clarkson after the author’s untimely 
death, can perhaps be similarly justified, though the Reviewer would hesitate 
to recommend the use of this book, rather than that of Kanavel, to any one 
interested in infections of the hand. It would seem that it would be possible 
for any one, student or practitioner, to find easily any information he desired 
in the larger monograph. 

This is undoubtedly an excellent little volume, however, well illustrated 
and written, and for those who desire a small handbook this one can be 
recommended. I. R. 


Sterility and Impaired Fertility. Pathogenesis, Diagnosis, and Treat- 
ment. By Cedric Lane-Roberts, M.S., F.R.C.S., F.R.C.O.G., Gyneco- 
logical Surgeon, Royal Northern Hospital ; Consulting Obstetric Surgeon, 
Queen Charlotte’s Hospital; Albert Sharman, M.D., M.R.C.O.G., 
Assistant Surgeon, Royal Samaritan Hospital for Women, Glasgow, 
Kenneth Walker, F.R.C.S., Surgeon to the Genito-Urinary Depart- 
ment, Royal Northern Hospital, and to St. Paul’s Hospital; and B. P. 
WiESNER, D.Sc., Ph.D., F.R.S.E., Consulting Biologist, Royal Northern 
Hospital. With a Foreword by The Rt. Hon. Lord Horder, G.C.V.O., 
M.D., F.R.C.P. Pp. 419; 87 niustrations. New York; Paul B. Hoeber, 
Inc., 1939. Price, .$5.50. 

In contradistinction to the usual book on sterility by a single author, the 
volume in review has been vTitten by a group of two gynecologists, a 
urologist, and a biologist. The latter is particularly noted for his work on 
endocrinology. This group presentation of the subject makes for a well 
rounded out consideration of aU aspects of sterility and impaired fertility. 
In a foreword. Lord Horder states that the three great advances in the sub- 
ject of childless marriages in recent years, are researches into spermato- 
genesis and the morphology of spermatozoa, a great increase in our knowl- 
edge of the sex hormones and the introduction of new techniques in the 
investigation of tubal patency. 

The book opens vuth a general sun’^ey of the problem, its terminology, 
incidence and general biologic factors concerned and the task of the physi- 
cian who handles such cases. The authors introduce a new classification, 
d 3 ^skyesis, with a discussion of its significance. The influence of contra- 
ception on childless marriages is discussed and the eugenic factor is well 
handled. 

The first five chapters of the book take up a discussion of the male factor 
in the chOdless marriage, noth particular reference to the examination of 
the husband and his sexual historj% _A chapter on the constitution of the 
semen, one of the longest chapters in the book, brings out the biologic 
consideration of the spermatozoa, a discussion of the normal and abnormal 
U'pes and the various factors influencing spermatogenesis. The great 
variabilitj^ of head length, in their opinion, signifies abnormal spermatozoa. 
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They state that even grossly abnormal spermatozoa may exhibit normal 
motility and the capacity for propulsion is therefore, not a reliable index for 
normality. 

The chapter on the Assay of Male Fertility makes practical use of the 
analysis and examination of the semen. The authors do not share the view 
of Randall and Wilson that inflammation of the prostate and seminal vesi- 
cles constitutes a very common cause of sterility. 

The text proceeds further into a description of the male reproductive 
mechanism and its disturbances and the investigation of such disturbances. 
The authors state a preference for the technique of testicular biopsy used 
in the Squier Clinic. They regard acute orchitis of mumps and chronic 
orchitis of syphilis, as the two most important diseases of the testis with 
reference to sterility. In this section, as well as in a later chapter on the 
treatment of female sterility, there is a long discussion on the dietary dis- 
orders and dietary adjustments and a considerable discussion of vitamin E 
deficiency. They regard degeneration of the seminiferous epithelium caused 
by E-deficiency as irreversible. They regard \dtamin E therapy as one of 
prevention rather than one of cure. Since no method of assessing vitamin E 
has been established they suggest the equivalent of 2| to 5 gm. Wheat 
Germ Oil daily, or its concentrate equivalent. Various urologic operations 
are discussed in detail, as well as the use of hormones. 

Wliereas the male assay is positive in the inspection of the gametes, no 
similar procedure is possible in the female, and the authors discuss and 
describe the various measures to be used in the clinical and gynecologic 
examination of the infertile female partner. Modern phj’^siology is detailed, 
recognition of the anovulatory cycle is discussed, and the diagnosis of 
physiolopc, functional and pathologic causes are also thoroughly detailed. 

There is an unusually elaborate discussion of the relationship of hormones 
to sterility and their use in infertile males and females. A series of appen- 
dices complete the book. These comprise case histories and technical details 
of practically all tests mentioned which are not otherwise discussed in the 
text. _ A weU considered bibliography is appended. 

This is one of the most thorough treatises on sterility and impaired 
fertility which has come to our notice. The group handling of the subject 
makes for completeness of discussion. The volume is highly recommended 
not only to the general practitioner or obstetrician, to whom childless 
women first come, but as weU to the urologist who more and more frequently 
is being consulted, _ and to the biologist whose assistance is necessary in 
solving the finer points of the endocrine aspects of the problem. 

P. W. 


An Intkoduction to Medical Mycology. By George M. Lewis, M.D., 
Attending Dermatologist, New York Post-Graduate Medical School and 
Hospital, Columbia University; Instructor in Medicine (Dermatology), 
Cornell University, etc., and Mary E. Hopper, M.S., Assistant in 
Mycology, Skin and Cancer Unit, New York Post-Graduate Medical 
School and Hospital, Columbia University. Pp. 315; 71 full-page plates. 
Chicap: The Year Book Publishers, Inc., 1939. Price, $5.50. 

This is a volume which has been long and eagerly awaited by derma- 
tologists. The subject matter is arranged primarily from the clinical angle, 
but there are shorter chapters on such phases as history, classification, struc- 
ture and physiology, which give at least a smattering of the biology of 
fungi. A more lengthy chapter deals with the characteristics of pathogenic 
fungi which is entirely adequate to give the clinician an insight into the 
etiolo^ of the mycoses that he handles. In line with the general policy 
to make the book useful in practice, particular emphasis has been placed 
on immunity and cutaneous sensitization. The body of the book is taken 
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up "with the systematic discussion of first the superficial and then the deep 
mycoses. The bibliography is rich and up to date. 

Laboratory methods are covered in a Avay that has not been accomplished 
in any book to date. Such phrases as the collection of materials, selection of 
instruments and glassware, the direct microscopic examination, the appear- 
ance of fungus in diseased material and even saprophytes and artefacts 
are discussed. Cultural methods and features, both gross and micro- 
scopic, occupy several short chapters. The use of Wood’s light and the 
performance of the trichophjrtin test have not been neglected. In short, 
the subject of cutaneous mycoses has been completely covered, with special 
emphasis on the clinical aspects but without neglecting the laboratory ones. 

The book is beautifully printed in large t 3 T)e and on enamel stock through- 
out. The illustrations are superlative. Although there are only 71 figures, 
many of them are broken up into perhaps a dozen smaller ones which are 
nevertheless so compactly arranged that the essential message is adequately 
conveyed. The authors have been remarkably successful in thus condensing 
a rich message in a remarkably small number of square inches of halftones. 
This applies to the illustrations both of clinical conditions and laboratory 
subjects. In short, the book is a model of completeness, accuracy, efficiency 
and artistry which no dermatologist can afford to do without. F. W. 


Primer of Allergy. A Guidebook for Those Who Must Find Their Way 
Through the Mazes of This Strange and Tantalizing State. By Warren 
T. Vaughan, M.D., Richmond, Va. Pp. 140; illustrated (by John P. 
TiUery). St. Louis: The C. V. Mosby Company, 1939. Price, S1.50. 
After writing two editions of a book on allergy intended both for physi- 
cians and patients, the author has now WTitten separate volumes for each, 
to the imm easurable advantage of both. This handy little volume, in addi- 
tion to an adequate and lucid presentation of theoretical matters, contains a 
wealth of practical advice for allergies, amusingly written and illustrated. 
Physicians should recommend it to their allergic patients as an invaluable 
vademecum. R- K* 


Proctology for the General Practitioner. By Frederick C. SmIth, 
M.D., M.Sc. (Med.), F.A.P.S., Proctologist to St. Luke's and Children's 
Hospital, Philadelphia; formerly Associate in Proctology, Graduate 
School of Medicine, University of Pennsylvania. Pp. 386, 141 illustra- 
tions and 3 color plates. Philadelphia: F. A. Davis Company, 1939. 
Price, $4.50. 

This book, planned to give the general practitioner the essentials of 
proctologj^ was written by a man who has had considerable experience in 
the proctologic surgerjL It is essentially a compilation of facts from various 
works on the same subject, to which the author has added notes from his 
onm e.xperience. The illustrations are only fairly good and approximately 
two-thirds of them are reprints from other works on proctologjL The first 
few chapters are given to anatomy and malformations of the rectum and 
anus, followed by chapters on diagnosis, treatment and anesthesia. The 
sections on the usual diseases of the perianal region and anal canal contain 
little that is new. The author still subscribes to the old idea that strangulated 
internal hemorrhoids should be treated consen'atively. He includes a 
chapter on parasites of the lower bowel and one on diets. Throughout the 
book are numerous prescriptions, some of which are used by the author and 
others which have been culled from the literature. This book may serve 
its intended purpose of giving the general practitioner the essential facts 
of proctologjL It does not, however, compare favorably with numerous 
recent texts on the same subject. L. F. 
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Diseases op The Mouth and Their Treatment. A Text-book for 
Practitioners and Students of Medicine and Dentistry. By Hermann 
P'rinz, A.M., D.D.S., M.D., D.Sc., Dr. Med. Dent., Professor Emeritus 
of Materia Medica and Therapeutics, The Thomas W. Evans Museum 
and Dental Institute, School of Dentistry, University of Pennsylvania, 
Philadelphia, and Sigmund S. Greenbaxtm, B.S., M.D., F.A.C.P., 
Professor of Clinical Dermatology and Syphilology, Graduate School of 
Medicine, University of Pennsylvania; Visiting Dermatologist, Mt. Sinai 
Hospital, Philadelphia General Hospital, Home of St. Michael’s, and 
Eaglesville Sanatorium, etc. Pp. 670; 324 illustrations. Second edition, 
thoroughly revised. Philadelphia: Lea & Febiger, 1939. Price, S9.00. 
It is commendable that a second edition should become necessary in a 
comparatively short time. Neiv subjects have been added, namely Ijunph- 
adenitis, Paget’s disease, Schiiller-Christian’s disease, hereditary pseudo- 
hemophilia, sarcoidosis and others. The text continues to be uniformly 
good and the format and printing excellent. Most of the illustrations in 
color are poor (Plate 3, facing p. 210, is indeed grotesque) and mar an other- 
wise highly presentable volume. F. W. 


Obstetrical Practice. By Alfred C. Beck, M.D., Professor of Obstet- 
rics and Gynecology, Long Island College of Medicine; Obstetrician and 
Gynecologist-in-Chief, Long Island College Hospital, Brooklyn. Pp. 858; 
1043 illustrations. Second edition. Baltimore: The Williams & Wil- 
kins Company, 1939. Price, S7.00. 

This excellent textbook on the practice of obstetrics has been expanded by 
155 pages of text in its second edition. Evidence of a comprehensive review 
of the literature appears particularly in the “Chapter on the Toxemias of 
Pre^ancy” and in the three-fold increase in references included in the 
bibliography. A noteworthy and very timely expansion of the text regard- 
ing nutrition occurs in the subject matter of the “Management of Preg- 
nancy.” In spite of the addition of so much new material, the author has 
succeeded in retaining a personal note throughout. Wliile the chapter on 
“Resuscitation of the Newborn Child” has been brought up to date, there 
is still lacking from the book a chapter on “Obstetric Injuries of the New- 
born” and “The Diseases of Early Life,” which might well be in place in a 
book of this character. Again the book is most warmly recommended as an 
outstanding text. P. W. 


A Synopsis of Regional Anatomy. By T. B. Johnston, M.D., Professor 
of Anatomy, University of London, Guy’s Hospital Medical School. 
Pp. 462, 17 illustrations. Fourth edition. Philadelphia: Lea & Febi- 
ger, 1939. Price, §4.50. 

I^is book was prepared by the author as an aid to his students in dis- 
section. A very concise text, it is almost without illustrations because the 
author believes the student should refer to dissected parts rather than 
to illustrations in a dissecting manual for his information. He emphasizes 
that the book should not be consulted at all until the actual work of dissec- 
tion has been completed. The only illustrations are diagrams of the nerve 
tracts of the spinal cord, brain stem and brain. The text follows in anatomi- 
cal order as the dissection is carried out by the student. Each anatomical 
part is described, the important sections being emphasized with italics. 
There is little or no effort to make any practical application of the anatomy 
described. In the new edition a considerable revision of the material on 
the central nervous system has been added. The book is well printed. 
It should prove a considerable help as a handbook for students in dissec- 
tions of anatomy. L. F. 



286 


BOOK REVIEWS AISTD NOTICES 


PsTCHOBiOLOGT AND PsTCHiATRT. A Textbook of Nomal and Abnormal 
Behavior. By Wendell Muncie, M.D., Associate Professor of Psychi- 
atry, Johns Hopkins University; Associate Psychiatrist, Henry Phipps 
Psychiatric Clinic, Johns Hopkins Hospital. With a Foreword by 
Adolph Meyer, M.D., LL.D., Sc.D., Henry Phipps Professor of Psy- 
chiatry and Director of the Department of Psychiatry, Johns Hopkins 
University. Pp. 739; 69 illustrations. St. Louis: The C. V. Mosby 
Company, 1939. Price, S8.00. 

It is said, “Psychobiology then is the study of those functions distinctively 
human, the things that man is best known for, the mentally integrated per- 
formances.” In this psychiatric presentation of Adolph Meyer’s psycho- 
biologic concepts, frequent use is made of his novel, cartridge-shaped designs 
for life charts, where in the longitudinal dimension is shown the develop- 
ment and course of a disorder, while in cross section, such manifestations as 
may appear more suddenly, are depicted. With full clinical data plotted 
in this way, one unfamiliar with the system would need an interpreter. 

The text is divided into four parts; Part I. Psychobiology —The Study of 
Normal Behavior. Historical and philosophical bases of psychobiology; 
student’s personality study. Part II. Abnormal Behavior— Pathology and 
Psychiatr}L Historical account; examination methods and immediate 
findings; detailed study of main reaction types (pathergasias) ; major reac- 
tions (holergasias) ; thymergasic reactions; elations; topical delusional 
states and para-reactions; parergasia; the support disorders (dysergasia); 
the acquired organic deficit reactions (anergasia). Part III. Treatment. 
General bases of treatment and procedure; important therapeutic aids; 
treatment of the major reactions (holergasias); para-reactions; dysergasic 
reactions ; organic deficit states . Part IV. Historical Survey in Bibliography 
of the Development of the Concepts Underlying the Principal Reaction 
Sets (except the organic deficit states). Neurasthenia; hypochondriasis; 
anxiety states; obsessive-compulsive-ruminative-tension states; hysteria; 
manic-depressive psychoses; paranoia and paranoid conditions; parergasia; 
dysergasia. Part III, treatment, is mostly generalities; and in Part IV, 
two-thirds of the space is lost tlirough blank, parallel columns. The term, 
dementia praecox, has most yielded to schizophrenia, and psychobiologists 
now wish it called, parergasia. One doubts if these new names for old diseases 
shall find general acceptance. The work is primarilj' for students but the 
more formal psychiatric books seem better adapted to their needs, perhaps 
with collateral excursions into psychobiologic psychiatry. Adolph Meyer 
is tireless, and the most original worker in the American school of psychiatry; 
but his somewhat nubulous presentations have not found great support 
bejmnd his devoted assistants. He does not appear to complete his works— 
perhaps the trait of a genius, as with Leonardo da Vinci. N. Y. 


Office Gynecology. By J. P. Greenhill, B.S., M_.D., F.A.C.S., Pro- 
fessor of Obstetrics and Gjmecology, Loyola University Medical School, 
Chicago; Professor of Gjmecology, Cook County Graduate School of 
Medicine, etc. Pp. 406; 104 illustrations. Chicago; The Year Book 
Publishers, Inc., 1939. Price, S3.00. 

In this volume, “Office Gjuiecology,” the author takes up many diag- 
nostic or therapeutic procedures in gynecology which could be carried 
out in a medical office or clinic. Instructions are so definite and concise, 
the technique is so clearlj'- described, illustrations so well correlated with the 
text, that the book should be of extreme value to the general practitioner. 
There are some procedures such as pneiimoperitoneum and roentgenog- 
raphy, and colposcopic diagnosis of carcinoma of the cer\ux, which are 
bej’ond the scope of practice of the average practitioner, but are well 
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included in this book for the benefit of those whose ambulatory patients may 
be briefly hospitahzed. One feels that the presentation of endocrinologj'^ 
in relation to gynecology is well given. It simplifies^ and wiU make clearly 
understandable to many men the confusion of terminology and treatment 
with which we have been flooded in the last few years. The book gives an 
excellent r&um^ of menstrual phj'siology and irregularities. A most 
timely chapter on “Premarital Advice” concludes the book. The suggestions 
contained in this chapter should do much to help the physician in his discus- 
sion with the 'about to be married’ couple, who seeks his advice. A splendid 
presentation of the subject. P. W. 


Sleep and Wakefulness. As Alternating Phases in the_ Cycle of Exis^ 
ence. By Nathaniel Kleitman, Department of Physiology, the Uni- 
versity of Chicago. Pp. 638; 33 illustrations. Chicago: The Univer- 
sity of Chicago Press, 1939. Price, $5.00. 

This volume presents an exliaustive and competent treatment of the 
subject. The bibhography contains 1434 references. The discussion is 
eminently fair, moderately critical, and logically organized. For the 
researcher in the field the book is indispensable and for his sake we would 
not delete a line. Yet the final impression is disheartening; few problems 
have attracted so large a volume of research with so slight an advance 
toward their solution. G. McC. 


Practical Obstetrics. By P. Brooke Bland, M.D., Emeritus Professor 
of Obstetrics, Jefferson Medical College; Consulting Obstetrician, Jef- 
ferson Medical College Hospital, Philadelphia, and Thaddeus L. Mont- 
gomery, M.D., Clinical Professor of Obstetrics, Jefferson Medical 
College, Philadelphia. Pp. 877; 502 illustrations, including 27 colored 
plates. Third edition. Philadelphia; F. A. Davis Company, 1939. 
Price, $8.00. 

This comprehensive volume in practical obstetrics which presents not 
only the ideas of the authors but many other well tested techniques in the 
practice of obstetrics, bears evidence of a thorough revision. Again, as in 
reviews of previous editions, it is warmly commended to the practitioner. 

P.W. 


NEW BOOKS. 

Viruses and Virus Diseases. By Thomas M. Rivers, M.D., Sc.D., Direc- 
tor, Hospital of The Rockefeller Institute for Medical Research, New 
York .City. Lane Medical Lecture. (Stanford University Publications, 
Uniyersity Series, Medical Sciences, Vol. IV, No. 1.) Pp. 133; 34 illus- 
trations. Stanford University: Stanford University Press, 1939. Price, 
Paper, $1.75; Cloth, $2.50. 

The New International Clinics, Vol. IV, N.S., No. 2, 1939. Edited by George 
Morris Piersol, M.D., Professor of Medicine, Graduate School of Med- 
icine, Uniyersity of Pennsylvania, Philadelphia. With 17 Collaborators. 
Pp. 339; illustrated. Philadelphia: J. B. Lippincott Company, 1939. 

Fifteen “original contributions,” with only two on sulfapyridine, the “clinics” 
and reviews of urinary lithiasis and ulcerative colitis make up this volume. 

The Medical Clinics of North America, Vol. 23, No. 6 {Philadelphia Number 
— November, 1939) (Index Number). Pp. 329; 31 illustrations. Phila- 
delphia; W. B. Saunders Company, 1939. 

The symposium in this Philadelphia number includes 8 articles on metabolic 
diseases — mostly on diabetes. The other 10 articles cover the usually wide range 
of subjects — congenital syphilis, asthma, renal disease, drug addiction and so on. 
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Diagnostic Sig7is, Reflexes and Syndromes {Standardized). By Wm. Egbert 
Robertson, M.D., F.A.C.P., Visiting Physician, Medical Dmsion, Phila- 
delphia General, St. Luke's and Children’s, and Northeastern Hospitals, 
and Harold F. Robertson, B.S., M.D., F.A.C.P., Instructor in Medicine, 
University of Pennsylvania; Assistant Visiting Physician, Medical Divi- 
sion Philadelphia General and Methodist Hospitals. Pp. 309. Phila- 
delphia: F. A. Davis Compan}’’, 1939. Price, S3.50. 

The Surgery of Injury and Plastic Repair. By Samuel Fomon, Ph.D., 
M.D., Formerly Major Medical Corps, U. S. Army. Pp. 1409; 925 illus- 
trations. Baltimore; The Williams & Wilkins Company, 1939. Price, 
$15.00. 

Pathology. An Introduction to Medicine and Surgery. By J. ‘Henry Diblb, 
M.B. (Glas.), F.R.C.P. (Lond.), Professor of Pathology in the University 
of London (The British Post-Graduate Medical School) ; Late Professor 
of Pathology at the London School of Medicine for Women, etc., and 
Thomas B. Davie, B.A. (Cape), M.D. (L’pool), M.R.C.P. (Lond.), 
Professor of Pathology in the University of Liverpool; Late Professor of 
Pathology in the University of Bristol. Pp. 931 ; 374 illustrations includ- 
ing 8 plates in color. Philadelphia: The Blakiston Company, 1939. 
Price, $10.00. 

The Fight on Cancer (Public Affairs Pamphlet, No. 38, 1939). By Clar- 
ence C. Little, Sc.D., Managing Director of the American Society for 
the Control of Cancer, Inc., and Director of the Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Me. Pp. 31; illustrated. New York: 
The American Society for the Control of Cancer, Inc., 1939. Price, 10c. 

Harvey Cushing’s Seventieth Birthday Party, April 8, 1939. Speeches, Let- 
ters, and Tributes. Pp. 146; 9 Ulustrations. Springfield, 111.; Charles 
C Thomas, 1939, for The Harvey Cushing Society. Price, $3.00. 

Vitamin D. Chemistry, Physiology, Pharmacology, Pathology, Experimental 
and Clinical Investigations. By C. I. Reed, A.M., Ph.D., .^sociate 
Professor in Physiology, H. C. Struck, M.S., Ph.D., Associate in Physi- 
ology, and I. E. Steck, M.S., M.D., Instructor in Physiology and in 
Medicine, Department of Physiology and Department of Me^cine, Col- 
lege of Medicine, University of Illinois, Arthritis Clinic, lUinois Research 
and Educational Hospitals. Pp. 389; 13 illustrations and 36 tables. 
Chicago: The University of Chicago Press, 1939. Price, $4.50. 

Handbook of Skin Diseases. By Leon Hugh Warren, B.A., M.D., M.Sc. 
(Med.), Formerly Instructor in Dermatology and SjTihilology at the 
School of Medicine, Temple University; Acting Assistant Surgeon (Der- 
matology) in the Office of Dermatoses Investigations of the United States 
Public Health Seridce, etc. With a Foreword by Frederick K: Weid- 
MAN, M.D. Pp. 321. New York: Paul B. Hoeber, Inc., 1940. Price, 
$3.50. 


NEW EDITIONS. 

The Physiological Basis of Medical Practice. A University of Toronto Text 
in Applied Physiology. By Charles Herbert Best, M.A., M.D., 
D.Sc. (Lond.), F.R.S., F.R.C.P. (Canada), Professor and Head of Depart- 
ment of Physiology^; Associate Director of the Connaught Laboratories; 
Research .^ociate in the Banting-Best Department of Medical Research, 
University of Toronto, and Norman Burke Taylor, M.D., F.R.S. 
(Canada), F.R.C.S. (Edin.), F.R.C.P. (Canada), M.R.C.S. (Eng.), 
L.R.C.P. (Lond.), Professor of Physiology, University of Toronto. Pp. 
1872; 497 illustrations and 2 colored plates. Second Edition. Baltimore: 
The Williams & Wilkins Company, 1939. Price, $10.00. 
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SOME PROBLEMS OF ACUTE INTESTINAL OBSTRUCTION. 

Acute intestinal obstruction is a serious disease which is usually 
accompanied by a high mortality. The sequence of events leading to a 
fatal outcome has not been clearly understood, nor has any method of 
treatment been uniformly satisfactory. 

A better understanding of various diseases has usually been accom- 
panied by a decrease in the morbidity and mortality associated with 
these diseases. With a single exception within the last decade this has 
not been true in acute intestinal obstruction (Table 1). Schramm'*^ re- 
ported a mortality in acute intestinal obstruction of 73 % before 1873. In 
a series of cases during the following 10 years the mortality was 58 %. 
That recent surveys of the subject have not afforded a more optimistic 
vie^vpoint is attested by the statement of Miller^^ who estimated in 
1929 that the mortality from acute intestinal obstruction was approxi- 
mately 61 %. The data given in Table 1 indicate the great variation 


Table 1. — Mortality in Acute Intestinal Obstruction. 






External 

Mortality 

Author. 

Date. 

Cases.* 

Mortality, %. 

hernia. 

%. 

Gibson22 

1900 

646 

47.0 

354 

34 

Scudder^o^ .... 

1908 

121 

60.0 



Richardson’®!' 

1920 

118 

41.0 



Finney'® 

1921 

245 

36. Of 



Page’® 

1925 



539 

12.2 

Soutar" 

1925 

1655 

38.2 

1409 

19.3 

Van Buren and Smith'® 

1925 

1089 

41. Of? 



Miller” 

1929 

343 

60. 9t 



Vick'® 

1932 

3625 

38.8 

3267 

17.8 

Mclver”!''® .... 

1932 

156 

44.0 

147 

18.0 

Ssuscewski'® .... 

1933 

121 

38.8 



Achmatowicz’ 

1936 

138 

45.5 



Wangensteen®' 

1939 

111 

17.1 

45 

20.0 


* Exclusive of external hernise. 
t Includes external herniie. 


in mortality rates reported by various authors. The data as a whole 
show little improvement in mortality although oirr knowledge of the 
pathologic physiology of gut obstruction has been greatly extended. 
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Mclver®”'’ reviewed 3 series of cases over different 10-year periods in 
the Massachusetts General Hospital; the mortality from 1898-1907 was 
60%; from pOS-1917, 41 %; and from 1918-1927, 44%. 

Several difficulties arise in the analysis of large numbers of cases from 
the literature. The most obvious of these is that the various series are 
not always comparable. Acute intestinal obstruction is not a single 
clinical entity but is actually a collection of conditions with certain com- 
mon factors. The most obvious are the inability of the gut to propel its 
content untrammeled throughout its entire length, and the develop- 
ment of distention of the intestine. Variations in etiologic factors, 
such as the site of obstruction, integrity of blood supply, general con- 
dition of the patient before onset, and the length of time elapsed between 
onset and beginning of treatment, influence the mortality rate regardless 
of the effects of operative treatment. 

Etiologic factors in the initiation of mechanical obstruction of the 
bowel have long been well understood. Clear descriptions of causation 
are to be found in the works of Brintoffi^ in 1867 and Treves^^ in 1884. 
Approximately half of all the cases of intestinal obstruction are caused 
by protrusion of the intestine tlwough external hernial orifices. This 
has been well borne out by many published statistics. Inguinal and 
femoral hernise are the most common offenders in this regard;®®" accord- 
ing to Vick^® who studied a large series (6892 cases) approximately 88 % 
of all obstructions from hernice were due to incarcerations of gut in 
these regions. The mortality associated with obstruction due to hernia 
is low as compared to that due to most other causes, even though the 
incidence of strangulation is likely to be high. The obvious reason for 
this lower mortality is that the diagnosis is made early and a standard 
procedure, early operation, is not usually unduly delayed. In addition, 
the operation is likely to be simpler since the lesion is not difficult to 
find. Therefore in reported series which exclude cases caused by exter- 
nal hernia, the total mortality from intestinal obstruction is expected 
to be higher than in those in which these are included. 

Next to external hernia, the most common etiologic factor is adhe- 
sions and of these, adhesions resulting from previous surgical procedures 
form the largest group in tliis category. Mclver®®** has indicated that 
in the affected group found early in the postoperative period the mortality 
is higher than in those cases occurring sometime after operation. This is 
despite the fact that these cases usually have not left the hospital when 
they become obstructed and are therefore not to be classed as seeking aid 
late in the disease. These two conditions, external hernia and adhesions, 
account for approximately tlwee-foiu-ths of all cases of acute intestinal 
obstruction. 

Obstructions which are likely to be associated with interference with 
the mesenteric blood supply are as a rule more serious in nature since, 
in addition to the possibility of necrosis and perforation of the intestine, 
there is a greater tendency to early toxemia and shock. 

The high mortality in most published series is no intimation that 
decided effort has not been made to understand the cause of death in 
acute intestinal obstruction. A considerable amount of clinical and 
laboratory investigation has been expended upon this problem. Three 
main theses have been advanced to explain the cause of death in this 
condition. 
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The oldest theory concerning the cause of death in intestinal obstruc- 
tion is that a potent toxin is formed. The possibilities for the produc- 
tion of this toxic material are: 1, that the bacteria, particularly Welch 
badlli, elaborate a specific toxin^-®® and that specific antitoxins are 
effective in protecting against this toxin’ (this viewpoint is contested 
by Owings and McIntosh®’ and Oughterson and Powers®® who could 
find no protective action of B. Wclchii antitoxin in experimental animals) ; 
2, that the toxin results from an abnormal mucosa or secretions into the 
g^t;ic.65a,b,c 3^ that the toxin arises as the result of bacterial ^owth in 
the obstructed gut and is not specific;’®-’®-®® 4, that the toxin is formed 
from putrefaction of intestinal content;'’ and that 5, the symptoms of 
toxemia actually are the results of bacteria migrating from the ob- 
structed loop causing a bacteremia, as suggested by Borszeky and Gener- 
sich in 1902.® This latter view was promptly and effectively refuted by 
Clairmont and Ranzi.’® The nature of the toxic substance is likewise a 
much debated subject as is also the mode of its transmission from the 
intestine. 

The concept that in simple obstruction death results from loss 
of fluids and salt has received considerable consideration since it 
was shown by Hartwell and Hoguet®'’ and McLean and Andries®’ that 
animals with obstructed loops of bowel survived longer if a saline 
solution was administered. That the problem of fluid and salt loss is 
an important one in these cases has been referred to by Hayden and 
Orr,®® Gamble and Mclver,®® White and Pender®® and many others. 
That it is the sole cause of death is doubtful since, while survival time 
is increased by the administration of salt solution, death nevertheless 
occurs. In those cases in which strangulation is a factor, death occurs 
early even in animals well hydrated. 

The fact that late in the disease patients with acute intestinal ob- 
struction appear similar to patients in shock, has suggested that there 
is some relationship between the two conditions. The concept suggested 
by Braun and Boruttau in 1908® and occasionally referred to by 
others’®-®’ that the element of shock was quite important in explaining 
the cause of death in intestinal obstruction, has recently received some 
attention in German literature. An additional article by Braun in 
1925® reiterated the concept that associated with occlusion there is 
strong nervous stimulation which is increased by the addition of phys- 
ical and chemical stimulation from the altered intestinal content. These 
stimuli are supposedly mediated not only through reflexes of nerves in 
the intestine and associated autonomic ganglia, but also act centrally. 
There results a true picture of shock Avith associated fluid loss, blood 
concentration, and capillary stasis. 

Gudladt®® who accepts this concept, has, as recently as 1939, reported 
on pathologic findings in 190 cases of intestinal obstruction. He feels 
that his findings support the view that the cause of death is associated 
with damage^ to the circulation. However, he also reports changes in 
the lungs which appear to support the concept of Becher® that the lung 
plays an important role in detoxifying substances absorbed from the 
intestine. Scudder, Zwemer, and Whipple’® reported results on studies 
of the potassium content of blood in intestinal obstruction, and point 
out that acute intestinal obstruction and adrenal insufficiency have 
many features in common. Scudder, Zwemer, and Truszkowski’® 
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reported an elevation in the level of potassium in the blood of cats fol- 
lowing obstruction, and suggest that a high potassium level might be the 
cause of death. This has likewise been reported by Cutler and Pijoan^^ 
in the dog. However, in the study of human cases Falconer, Osterberg, 
and Bargen^"' did not substantiate these findings. In fact, they noted a 
fall in the potassium content in the serum and suggest, as did also 
Scudder, Zwemer, and Whipple/^ that potassium is actually lost through 
secretions from the upper intestinal tract. 

Within recent years there has been a renewal of interest in the part 
that distention plays in the cause of death from intestinal obstruction. 
As an important finding in late cases of intestinal obstruction, disten- 
tion is stressed as a predominating feature in diagnosis. The role that 
distention plays in the train of events which leads to a fatal outcome in 
these cases, while referred to by most authors, has not received attention 
commensurate with its importance until the last decade. Burget, 
Martzloff, Thornton, and Suckow,'- Herrin and Meek,-® and Taylor, 
Weld, and Harrison"*® stressed the importance of distention per sc, with 
regard to the initiation of symptoms and to recovery of animals with 
experimentally produced obstruction. Burget and coworkers*- showed 
that if a closed loop obstruction was kept decompressed no symptoms 
of obstruction resulted. Herrin and Meek-® and Taylor, Weld, and 
Harrison^® presented experimental data to support the close relation- 
ship between the course of events in obstruction and the distention, and 
indicated that it was possible to cause the entire picture shown by ani- 
mals with obstructed loops, when no obstruction was present, provided 
distention of the gut was produced. 

Wangensteen and his associates have done much to focus attention 
upon the role of distention as a factor of great importance in acute 
intestinal obstruction. The initiation of the use of suction drain- 
age in tlie treatment of acute intestinal obstruction while popularized 
by thfese workers, has been sporadically suggested for many years.®-'®® 
Suction drainage by use of gastric or duodenal tubes is but one method 
for accomplishing relief of distention of the small bowel. Unfortunately, 
the method rather than the principle has been regarded as fundamen- 
tally important, and we find many ■who condemn or praise the method 
witliout consideration of the basic principles involved. Reiterating 
these principles, Wangensteen®* has reported mortality statistics of 
cases treated by suction drainage which attest to the efficacy of the 
method but it is to be noted that the cases so treated were a group, 
most of whom were suitable for this type of treatment, and other 
cases ■were submitted to various operative procedures. 

In 1938 Abbott and Johnston- reported the use of intestinal intuba- 
tion in the treatment of simple intestinal obstruction by the use of a 
tube developed by Miller and Abbott.®® The rationale of its use 
was based on the proposition that the distended intestine could be 
decompressed better with suction applied directly above the point of 
obstruction than at higher levels. This, in effect, is tantamount 
to an enterostomy without the necessity of an operative procedure. 
In addition to drainage from a vantage point it permits the feeding of 
the patient. Further studies with this method have indicated its use- 
fulness, not only with regard to the treatment of intestinal obstruction. 
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but also for localization of the obstructing lesion^“’'''2^'^®“'*’'^® and for 
the preparation of the patient for operation. Sufficient experience has 
been gained with the use of intestinal intubation in the treatment of 
simple intestinal obstruction and adjmamic ileus to illustrate its effi- 
cacy. In several clinics where it has been used extensively, but judic- 
iously (Hospital of the University of Pennsylvania, Detroit Receiving 
Hospital, and Presbyterian Hospital in New York), there has resulted 
a marked reduction of the mortality rate from acute intestinal obstruc- 
tion. For the past 2| years the mortality from small intestinal obstruc- 
tion at the Detroit Receiving Hospital, including all cases of intestinal 
obstruction whether the obstruction contributed to the death or not 
(except those due to strangulated external hernia) has been approxi- 
mately 23.9%. The mortality from simple aciite obstruction treated 
by intubation was 9 %. Similar good results have been attained at the 
Presbyterian Hospital.^^ The limitations of the method and difficulties 
of its use as well as its advantages are set forth in publications of Abbott 
and his associates'®'^ and Johnston and his associates.^’^^®'*’'^®'®® 

It is not possible at present to obtain an adequate appraisal of the 
effect which the judicious use of suction drainage has had on the mor- 
tality from small bowel obstruction. It is much too early, since its 
place in therapy was enunciated by Wangensteen and since the intro- 
duction of drainage from the lower reaches of the bowel, to allow for 
large series to have been reported. It is to be recognized as significant 
that in comparison to older statistics, those presented by Wangensteen 
and associates®' have a decidedly lower mortality, and we have been 
able to bring about a further decrease in the mortality of our own cases. 
It is worthy of note that Wangensteen®' has surveyed all types of cases 
of small bowel obstruction and reports a mortality of 17.9 %, reducing 
the mortality from obstructions within the abdomen to below that 
commonly attained in those cases associated with external hernia. 
The cases reported by Wangensteen were not a personal series but were 
cared for by several individuals. However, this group of surgeons must 
recognize the place of suction drainage in the broad problem of the 
therapy of intestinal obstruction, based on an understanding of the 
pathology and physiology involved. The problem of treatment of this 
condition must be based on principles involved without regard to strict 
adherence to any method. The well-known saying that “the sun should 
never set on an unoperated case of intestinal obstruction” is as errone- 
ous and as productive of poor results as such general dicta are likely 
to be, if followed strictly. Wangensteen®' has pointed out that there is 
a mortality of treatment as well as of disease, a fact which is too 
often ignored. ^ Treatment carried out on the basis of dicta, or 
fixed routine, without regard to the pathologic lesion and physiologic 
principles involved, and without the consideration of obstruction of 
the bowel as a diversified problem, must lead to many unnecessary 
fatalities. 

An additional method of decompressing the distended intestine has 
been suggested by Rosenfeld and Fine^® who found that in cats it was 
possible to cause a marked decrease in intraluminal pressure produced 
by distention of air or nitrogen if the animals were made to breathe 
pure oxygen. This procedure offers promise for use in intestinal ob- 
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struction, even though it is likely to be slow in its action in decreasing 
the amount of gas present, because of the salutory effects offered in 
more effective oxygenation in a patient whose respiratory activity is 
hampered by distention. 

Regardless of the possibilities for the reduction in mortality from 
intestinal obstruction by careful consideration and use of suitable meth- 
ods of treatment, it is not likely that the mortality from tins condition 
will be lowered materially until the importance of early diagnosis is 
universally recognized.®'' Within a few hours after the onset of obstruc- 
tion, when distention is likely to be slight, operation is attended by 
low mortality When distention is marked, dehydration present, 
and changes in blood cldorides and urea are marked, the difficulties of 
treatment are greatly increased. It is well to point out that in addition 
to the recognition of the early symptoms of intestinal obstruction the 
Roentgen ray offers early diagnostic aid. The use of contrast media 
is not necessary, but actually contraindicated early in the disease. In 
fact, Roentgen ray without contrast media offers the only early labora- 
tory finding of any advantage, and should be utilized in all suspected 
cases. While the upright film may reveal fluid levels and indicate the 
presence of obstruction, the supine film will in many instances indicate 
the level of the obstruction. When the diagnosis of obstruction is estab- 
lished early, before marked distention and dehydration are present, 
operation ought not to be delayed. 

Early diagnosis and treatment, so important in simple acute obstruc- 
tion, becomes imperative in those cases where there is interference with 
the mesenteric blood supply, not only because of the possibility of 
releasing the occlusion to the vessel early, thereby preventing necrosis 
of the bowel, but for the prevention of the development of the severe 
toxemia which is so rapidly fatal. The early differentiation betu'een 
simple and strangulated obstruction is not easy. The diagnosis of 
strangulation is based on the severity of the onset, the rapidity of 
progression of symptoms, evidence of a localized gas-filled loop, and 
symptoms out of proportion to the amount of distention present. Rr- 
creasing pulse rate, falling blood pressure, and presence of localized 
tenderness are likely to be found late and should always suggest strangu- 
lation. Gatch''^ has suggested that it is possible to treat such patients 
without operation until the strangulated loop becomes well walled off 
as is practiced in cases of appendiceal abscess, but we have not felt that 
it is wise to defer operation in cases of suspected strangulation. Prepa- 
ration by blood transfusion, intravenous saline solutions, and the inser- 
tion of a tube at least into the stomach, need not delay operation long 
and are important aids. 

Consideration of the importance of distention as the initiating factor 
in the sequence of events follovnng simple acute obstruction of the 
bowel does not imply any particular form of therapy. Relief of dis- 
tention can be brought about by operation or by removal of the distend- 
ing content from within the boAvel by means of intubation. Which 
of these methods is to be used depends upon the problems presented 
by the patient and not by custom. There have undoubtedly been in- 
stances where an attempt has been made to apply suction drainage for 
treatment of intestinal obstruction without regard to the problem 
presented by the patient and it is to be expected that such attempts 
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will be disheartening. The concept that suction drainage is a specific 
regimen for intestinal obstruction is but little less dangerous than the 
concept that early operation is indicated in all forms_ of intestinal ob- 
struction. It is only by early diagnosis, a consideration of the under- 
l3dng principles involved, the conscientious appraisal of the patient, 
and the utilization of the best available forms of treatment — that the 
unnecessarily high mortality from intestinal obstruction will be effec- 
tively lowered. 

I. S. Ravdin, M.D., AND C. G. Johnston, M. D. 
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THROMBO-ANGHTIS OBLITERANS OF THE RETINAL VESSELS. 

In tliis section for August, 1935, the subject of recurrent hemorrhages 
into the retina and vitreous was reviewed. At that time it was stated 
that in most cases of this syndrome in the young adult the causative 
lesion was thought to be tuberculous peripWebitis of the retinal veins. 
Attention was called to the occurrence of an essentially identical lesion 
in patients with diabetes mellitus in whom no definite etiologic factor 
aside from the diabetes could be discovered. Recently Friedenwald 
has called attention to the possibility that the basic cause of the hemor- 
rhages in tliis latter group of cases is an increase in capillary fragility 
dependent on an improper utilization of ^’itamin C, associated in some 
way with a deficiency in vitamin B complex. It was pointed out that 
in certain non-diabetic cases in which the diagnosis of tuberculosis of 
the retinal vessels seemed unlikely, the cause of the lesion had been 
assigned by various authors to focal infection and rather vague endocrine 
or circulatory disturbances. A few cases can be proved to be due to 
syphilis. In the majority of cases when the vitreous is sufficiently clear 
to allow careful study of the retina, local lesions in the retinal vessels, 
usually the veins, can be seen to be the source of the bleeding. In a 
fairly large number, however, the exact cause of the local vascular lesion 
remains in doubt. At the time of WTiting this review I was not ac- 
quainted with the studies of Marchesani®'’-* which were published in the 
latter part of 1934 and in 1935. 

It is of interest that in reporting on a case of hemorrhage into the 
vitreous before the Ophthalmological Society of the United Kingdom 
in 18S1, Jonathan Hutchinson^ stated that his patient, a young man of 
24, had had frequent epistaxis, cold feet, vague pains simulating gout, 
pain in the heel which prevented him from walking at times, “rheu- 
matic” pains in the fingers and toes, and a “numb tingling” in the 
thumbs. Marchesani was impressed by the difficulty of demonstrating 
the presence of tuberculosis in other parts of the body in the majority 
of his patients with recurrent hemorrhages into the \atreous. He 
noted that many of them complained of symptoms similar to those 
described by Hutchinson and, in addition, often of transitory severe 
cyanosis of the extremities and trophic disturbances in the nails and 
skin. Pulsations were absent in one or more of the arteries of the lower 
extremities of a number of the patients. All of them showed definite 
changes in tire nail-fold capillaries, such as vddening of the intercalary 
space, dilatation of the venous loops, and spontaneous capillary hem- 
orrhages. In his opinion, a disease which affects only the vascular 
system, runs its course without marked evidences of inflammation, and 
does not lead to a destructive lesion of the tissues of the eye cannot be 
considered to be tuberculosis. Because of the evidences. of a more or 
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less generalized disturbance of the vascular system in these individuals, 
Marchesani believes that the vascular lesions in the retina responsible 
for recurrent hemorrhages into the vitreous represent an ocular mani- 
festation of thrombo-angiitis obliterans (Buerger’s disease).^ He admits 
that the coincident occurrence of retinal periphlebitis with manifest 
gangrene of the extremities is rare. He based his conclusions on the 
study of a series of 22 patients, 2 of whom had gangrene of toes and 
1 gangrene of fingers; 19 of the patients were thought to have evidences 
of latent Buerger’s disease. 

Marchesani further supported his views by his interpretation of the 
histologic findings in the eye of one of the patients Avith gangrene.^ He 
found that the lumens of the smallest retinal vessels were variably 
narrowed as a result of a homogeneous structureless swelling of the 
subendothelial tissues. In some of the larger vessels, both arteries and 
veins, the endothelial layer was destroyed and the lumen was filled with 
a cell-poor or cell-free fibrin-like mass of homogeneous or network 
structure. Around these vessels there had been some extravasation of 
red blood cells and some increase in the glial fibers with only a few cells 
of inflammatory type. In other vessels the lumen was filled with gran- 
ulation tissue rich in cells of endothelial character with some evidences 
of recanalization. There was some splitting up of the lamina elastica 
but the rest of the wall was not abnormal. Vessels in the iris and 
ciliary body were involved as well as those in the retina. In some of 
the vessels at the limbus a non-specific perivascular infiltration with 
round cells was present. According to Marchesani, these vessel changes 
are similar to those described by other authors in the extremities, 
internal organs and brain in patients with Buerger’s disease. Mar- 
chesani discussed also the histologic findings in a case reported by 
Fleischer as one of tuberculosis of the retina. Marchesani thought that 
the endothelial proliferation with scattered points of occlusion of the 
lumen and the cellular proliferation in the vessel sheaths described by 
Fleischer were evidence of thrombo-angiitis obliterans, and that the 
nodules considered by Fleischer to be tubercles were really occluded 
vessels. 

In 1938 Marchesani®' reported the histologic findings in 2 other eyes, 
the lesions in which had been diagnosed by him as thrombo-angiitis 
obliterans of the retinal vessels. In one Avith recurrent hemorrhages 
into the vitreous the retinal vessels near the disk shoAved hyaline thick- 
ening of the walls. This hyaline thickening increased in degree in the 
distal parts of the vessels, especially the veins, so that in some spots the 
lumen was almost obliterated. In most of the peripheral vessels, how- 
ever, the lumen was completely filled with a cell-poor fibrin-like tissue 
with occasional cellular proliferations suggesting recanalization of the 
lumen. In the other, apparently a postspastic occlusion of the central 
artery of the retina, the central artery of the retina and its branches 
showed severe wall changes with marked narroAving of the lumen but 
without complete closure at any point. These changes Avere in part in 
the nature of hyaline thickening Avith localized endotheUal proliferation 
and in part apparently homogeneous thrombus formation in the lumen 
firmly attached to the wall. Similar changes were found in the cerebral 
vessels. 

In 1934 Stauder*'* called attention to a group of cases simulating mul- 
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tiple sclerosis which he believed to be really thrombo-angiitis of the 
cerebral vessels. In a paper published in collaboration with Slarchesani® 
in 1935, Stauder reported that 3 of hlarchesani’s 20 patients with 
primary symptoms of retinal periphlebitis showed this central nervous 
system syndrome of atypical multiple sclerosis. Also 5 cases which 
were seen primarily by the internist or neurologist showed lesions sug- 
gestive of tlrrombo-angiitis of the retinal vessels. In 3 of these the 
typical syndrome of retinal periphlebitis with recurrent hemorrhages 
into the vitreous and retinitis proliferans ivas present. In Stauder’s 
opinion, the 2 cases reported by Lowenstein as tuberculosis of the 
cerebral vessels and of the eye and the 6 cases of ophthalmo-encephalo- 
myelitis reported by ter Braak and van Herwaarden, 2 of which showed 
typical retinal periphlebitis, are further examples of cerebral and retinal 
thrombo-angiitis obliterans. 

Marchesani’s conception of the nature of this rather puzzling syn- 
drome of recurrent hemorrhages into the vitreous is at least an interest- 
ing one even if it cannot be considered as definitely proved as yet. 
Personally, I have seen thrombosis of the retinal veins in a few of a 
rather large series of patients with typieal Buerger’s disease of the 
extremities. Also 1 patient, seen originally beeause of reeurrent hem- 
orrhages into the vitreous, returned several years later with the eharac- 
teristic picture of tlrrombo-angiitis of the lower extremities. Although 
he had no subjective eye complaints at the second visit and no hem- 
orrhagic extravasations were found in the vitreous, active periphlebitis 
with hemorrhage was still present in each retina. 

Since Marchesani’s original publication, several other authors have 
reported essential agreement with his conclusions. In 1935 Ludyng’ 
reported a case of recurrent hemorrhage into the vitreous- on the basis 
of disease of the smaller arterial and venous branches with aneurysmal 
dilatation and new vessel formation, but without perivascular lesions 
or focal lesions in the retina or choroid. This patient was believed to 
have Buerger’s disease because of the additional presence of paresthesias 
of the hands and feet and changes in the capillaries of the nail-fold 
characteristic of a vasoneurosis. Also in 1935, Gilbert^ reported 2 cases, 

1 with a closure of the inferior temporal branch artery and 1 ndth peri- 
vasculitis of the inferior temporal branch artery and vein, both of whom 
developed later tliromboses in the lower extremities. He stated that 
Buerger’s disease must be thought of as the possible etiologic factor in 
otherwise unexplained instances of closure of the central or branch 
arteries of the retina. In 1936 Mikuni*^ stated that in his clinical obser- 
vations retinal periphlebitis and thrombo-angiitis obliterans in other 
parts of the body were at times coincident. He was able to find evi- 
dences of Buerger’s disease in 2 of 7 patients with retinitis proliferans. 
In his ophthalmoscopic studies of 5 patients with Buerger’s disease, he 
found retinitis proliferans in 1. In 1937 Lisch®“ reported a closure of 
the central artery of the retina in a man 33 years of age, which he 
believed to be due to thrombo-angiitis obliterans since the man had 
gangrene of the toes, barely palpable dorsalis pedis arteries, and 
changes in the nail-fold capillaries. In 1937 Schmelzer*^ reported that 
he had examined 6 cases of classical thrombo-angiitis obliterans with 
gangrene of the extremities, in none of whom was there evidence of 
recurrent hemorrhages into the vitreous. One of the patients, how- 
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ever, had had a closure of the central artery of the right eye 4 years 
before. Schmelzer thought, therefore, that closure of the central artery 
of the retina or one of its branches in a relatively young, otherwise 
healthy adult might be an early sign of a progressive tlrrombo-angiitis 
obliterans. In 1938 van Rijsewijy^ suggested the possibility of Buer- 
ger’s disease in a case with recurrent hemorrhages into the vitreous and 
Jacksonian epilepsy. Radnot stated that Lange and Birnbaum also 
confirmed Marchesani’s findings. 

Tlhvo histologic studies also have been published in which the authors 
agree with Marchesani’s interpretation of 'the lesions in the retinal 
vessels. In 1937 Uyama^^ reported 2 cases which he diagnosed clinically 
as thrombo-angiitis obliterans of the retinal vessels. In one of these 
cases histologic examination showed that the walls of the smaller retinal 
arteries were thickened, the lamina elastica hyperplastic, and that 
there were increased collagenous and elastic fibers in the ground sub- 
stance of the intima. The lumens were lined by normal or swollen 
endothelial cells but were markedly narrowed or closed by the thick- 
ening of the walls. The lumens of the larger arteries were filled with 
blood corpuscles and homogeneous fibrin-like masses containing some 
epithelioid cells suggestive of thrombosis. The walls of the veins were 
thickened but the lumens were not occluded and the capillary walls 
were thickened also. Uyama thought that this picture corresponded 
to the first form of intimal proliferation described by Jager in endangi- 
itis obliterans. In 1938 Mauh® reported the case of a man, aged 56, 
who suffered from definite Buerger’s disease of the extremities, and who 
had a unilateral optic atrophy secondary to closure of the central artery 
of the retina. Histologically, the central artery of the retina, and to a 
less extent the central vein, showed subendothelial proliferation and 
patchy endothelial proliferation. In the central artery there was a 
homogeneous firmly attached thrombus. Similar changes were present 
in the walls of the cerebral vessels. 

There has been also considerable opposition to the acceptance of 
Marchesani’s views on the basic nature of these perivascular and occlu- 
sive lesions of the retinal vessels, particularly by those authors who 
believe that recurrent hemorrhages into the ^ntreous in young adults 
are due always to tuberculosis of the retinal vessels. In 1935 Kokott® 
reported that among 5 clinical cases of retinal periphlebitis with recur- 
rent hemorrhages into the vitreous 2 were definitely proven to be tuber- 
culous and 1 was probably tuberculous. Two of the patients had no 
demonstrable systemic disease. In none were there any signs of Buer- 
ger's disease. Also in 1935 Knapp^ reported no evidence of Buerger’s 
disease in 1 case and von HippeP stated that among 11 cases of Buerger’s 
disease of the cerebral vessels reported by Jager and confirmed at nec- 
ropsy, there was no instance of retinal peripUebitis. In 1937 Radnot 
reported that among 6 cases of retinal periphlebitis none showed any 
clinical evidence of Buerger’s disease while 3 showed healed pulmonary 
tuberculosis. In the discussion Radnot stated that Lowenstein, Petrag- 
nani, Schreck, Bonnet, Paufique and Vogt had not found any evidence 
of Buerger’s disease in their patients with retinal periphlebitis. In 
1939 Lisch®* studied ophthalmoscopically 35 cases of various forms of 
peripheral vascular disease, among which there were 5 cases of thrombo- 
angiitis obliterans. He found no evidence of retinal periphlebitis in 
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any of these cases, and consequently does not believe that vascular 
disease of the Buerger type plays an important role in the etiology of 
recurrent hemorrhages into the vitreous. 

Considerable histologic evidence also has been adduced to controvert 
Marchesani’s conception. It is well known that perivenous lesions can 
be produced in the retina of experimental animals by the injection of 
living tubercle bacilli into the carotid artery. Recent confirmation of 
these results was furnished by Uyama who first sensitized rabbits by 
the subcutaneous injection of tuberculous antigens and then injected 
living tubercle bacilli into the left heart. In his series of 26 animals so 
treated, 4 developed retinal periphlebitis. The lesions showed lympho- 
cytes and endothelial cells but no giant cells or caseation. In 1935 
von Hippel examined histologically an eye enucleated because of sec- 
ondary glaucoma following recurrent hemorrhages into the vitreous. 
He found short stretches of two retinal arteries closed by intimal pro- 
liferation in which epithelioid and giant cells were present. The retinal 
veins showed perivascular infiltration, partly mononuclear round cells, 
partly nodular collections of epithelioid cells, round cells, and occa- 
sional giant cells. In some spots the lumen of a vessel was completely 
or almost completely closed by cellular proliferation of indeterminate 
type, possibly an organized but not a recanalized thrombus. In the 
choroid there was a characteristic tuberculous nodule with caseation 
necrosis of the overlying retina. A vessel in the iris was completely 
closed bj'^ lymphocytic infiltration. There was round cell infiltration of 
the wall of the central vein of the retina with narrowing but not oblit- 
eration of the lumen. No tubercle bacilli were demonstrated, but the 
case was considered to be definitely ocular tuberculosis. Von Hippel 
considers Buerger’s disease to be a non-specific occlusive and inflam- 
matory disease of the vessel walls. He does not deny that such non- 
specific vessel wall disease may occur in the retina. But, since he can 
find this type of vessel lesion in cases which show definite tuberculosis 
in other tissues of the eye, he is inclined to believe that tuberculosis is 
the etiologic factor in the majority of cases of this type. 

In 1937 Suganuma‘“ reported the case of a girl, aged 21 years, who 
had recurrent hemorrhages into the retina and vitreous of the right eye 
with retinitis proliferans. In the left eye there was a sclero-kerato- 
iritis, clinically of tuberculous type. By roentgenogram there was infil- 
tration of the apices of both lungs. Later iritis and secondary glaucoma 
developed in the right eye and the eye was enucleated. Histologically, 
there was a periphlebitic patch in the equatorial region of the retina. 
This was made up centrally of epithelioid cells and peripherally of 
round cells with giant cells in the intermediate zone. The vein was not 
thrombosed. There' was an exudative mass of epithelioid cells which 
broke tlirough into the vitreous. On the inner surface of the retina 
there was a proliferated band of connective tissue, glial fibers and blood- 
vessels. A small patch of epithelioid cells was found surrounding a 
choroidal artery. In the anterior segment of the eye nodules of epi- 
thelioid and giant cells were present in the iris, ciliary body and cornea. 
The case was considered to be one of ocular tuberculosis. 

Also in 1937 Radn6t reviewed the arguments for and against the 
occurrence of the Buerger type of thrombo-angiitis obliterans in the 
retinal vessels. Noting that Gilbert had demonstrated tubercle bacilli 
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in a case of retinal periphlebitis, she makes a distinction between lesions 
which are primarily perivascular in type and location and those which 
affect the vessel wall itself primarily. She reports on the histologic 
examination of 5 cases. Pour of these cases showed definite periphlebitic 
lesions which were considered to be tuberculous. The inflammatory 
changes were located entirely outside the vessel wall, the wall itself 
being unaffected. The lumen of the vessel was compressed or even 
obliterated by the pressure of the granulation tissue around the periph- 
ery of the vessel. In the fifth case there was a primary lesion of the ves- 
sel walls, especiallj'^ of the media. There was a hyaline degeneration of 
the middle layer leading in places to closure of the lumen. In other 
places the vessel seemed to be converted into a nodule of non-specific 
granulation tissue. There was no apparent lesion of the intima. In 
Radn6t’s opinion the lesions in this last case might be considered to 
simulate the picture of thrombo-angiitis obliterans of the peripheral 
vessels. 

In summary, it might be said that in the vast majority of the cases, 
at least, the basic local lesion underlying recurrent hemorrhagic extrava- 
sations into the vitreous is a diseased condition in the walls of the 
retinal vessels, predominantly or primarily in most, if not all instances, 
in the veins. The distinction between a primarily perivenous and a 
primarily venous or arterial lesion may be an important one from the 
etiologic standpoint. An attempt should be made to differentiate these 
lesions ophthalmoscopically where the vitreous is sufficiently clear to 
allow careful study of the retinal vessels. A certain number of the 
cases, particularly of those of perivenous type, may be due to tubercu- 
losis, either primary in the retina or secondary to a hidden or latent 
focus of tuberculosis in the choroid. In perhaps a larger number of 
cases in which tuberculosis cannot be demonstrated elsewhere in the 
body, there may be a primary non-specific inflammatory or degenera- 
tive lesion of the vessel walls. This lesion may be the retinal counter- 
part of Buerger’s disease and may be confined to the retinal vessels or 
at times may be associated with similar lesions in other parts of the 
body. In certain cases of closure of the central artery of the retina, the 
basic lesion may be a primary disease of the vessel wall simulating or 
related to tlwombo-angiitis obliterans. 

Henry P. Wagener, M.D. 
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Distribution of Water and Serum Electrolytes in Experimental Dia- 
betes Mellitus. F. William Sunderman and F. C. Dohan (Depart- 
ment of Research Medicine, Pepper Laboratory and Cox Institute, 
University Hospital). Measurements of serum volume, extracellular 
fluid and concentrations of serum components were made in depan- 
creatized dogs that had been permitted to go into ketosis following 
the withdrawal of insulin. Since the depancreatized animals suffered 
marked reduction in body weight, for comparison similar measurements 
were made following ketosis from simple starvation. 

In the depancreatized dogs the average serum volume calculated in 
relation to the body weight was approximately 29% greater during 
ketosis than during the control period, although the total serum volume 
was approximately 10% less diming ketosis than during the control 
period. In ketosis from starvation the total serum volume was de- 
creased in proportion to the reduction in weight and within the limits 
of error of the measurements the serum volume in relation to body 
weight was unchanged. 

The actual quantities of total base, chloride, bicarbonate and protein 
in the circulating serum were decreased during ketosis in the depan- 
creatized animals although the amounts of these components, with 
the exception of bicarbonate, when expressed in relation to body weight 
were all increased. 

The studies suggest that the dehydration observed in e.xperimental 
diabetes mellitus induced by pancreatectomy in dogs is not made at 
the expense of serum volume or of the extracellular fluids but rather 
at that of the intracellular fluids. 


Mechanism of the Diuresis Produced by Acacia. Arnoldus Goud- 
SMIT, Jr. (Laboratory of Physiology, School of Medicine, University of 
Pennsylvania). The present report incorporates the results of clinical 
and experimental observations gathered at the Mayo Clinic and Founda- 
tion, in collaboration with Drs. Binger, Power, Keith and Bollman. 
Injections of acacia may be followed by the mobilization of edema 
fluid and its elimination with the urine in patients suffering from the 
nephrotic syndrome. A good diuretic response was obtained in 36 out 
of 40 consecutive cases in which this form of treatment was used. 

The colloid osmotic pressure of the serum examined after completion 
of a course of injections of acacia was increased as compared to its 
level before treatment in only 43% of 28 cases in which it was deter- 
mined. It was essentially unchanged in 39 % and actually decreased 
in 28 %. As a consequence of the injection of acacia the volume of the 
plasma increases, its constituents are diluted and it depends on the 
relationship of the diminution of concentration of the serum proteins 
and the concentration of acacia in the plasma what net changes in 
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colloid osmotic pressure actually take place. There was no correlation 
between the direction of the change of colloid osmotic pressure and the 
clinical response (diuresis or absence of it). 

Experiments on dogs were therefore performed, testing whether 
acacia might alter the permeability of the kidney. It was found that 
the rate of glomerular filtration (creatinine clearance) was essentially 
unchanged; but the rate of excretion of chloride was significantly 
increased, an average of 189%. Subsequently, a study of patients 
receiving acacia revealed similar increases in the absolute amount of 
chloride excreted per 24 hours, and sometimes also of its concentration 
in the urine. 

It is well to remember that a very important disturbance of the 
function of the kidney in the nephrotic syndrome is its inability to 
excrete all sodium chloride and water ingested. The consequent 
accumulation of these substances leads to the appearance of edema. 
It is difficult to conceive how the diminished concentration of protein 
in the serum and the decreased colloid osmotic pressure could be held 
directly responsible for what appears to be an abnormally large tubular 
reabsorption of water and sodium chloride. Whatever its explanation, 
it would seem that acacia helps in the reduction of tubular reabsorption 
of chloride and water to a more normal level. 


Studies on the Molecular Weight of Diphtheria Toxin, Antitoxin and 
Reaction Products. A. M. Pappenheimer, Jr. (Antitoxin and Vaccine 
Laboratory, Jamaica Plain, Mass., and Department of Bacteriology, 
University of Pennsylvania). Preparations of diphtheria antitoxic 
horse pseudoglobulin have been made of which 43.5% of the nitrogen 
is specifically precipitable by toxin. These preparations behave in 
every way, except immunologically, as a single molecular species; they 
are extremely homogeneous by sedimentation, electrophoresis and diffu- 
sion. Although the molecular weight of antitoxin as calculated from 
the sedimentation-diffusion data does not differ significantly from that 
of normal horse serum globulins, the electrophoretic mobility does differ 
from those of normal serum components. 

The molecular weight of diphtheria toxin is 70,000 and of antitoxin 
is 150,000. 

Prom ultracentrifuge studies on the two reactants and on mixtures 
of toxin and antitoxin in soluble inhibition zones, the average molecular 
composition of the specific floccules at certain reference points through- 
out the equivalence zone and the maximum “valence” of toxin and 
antitoxin with respect to each other have been calculated. 

The toxin-antitoxin complex is aggregated even in soluble regions of 
toxin and antitoxin excess. The equilibrium between aggregated and 
unag^egated forms is dependent on the concentration of the specific 
protein in excess. 

The significance of the Results was discussed in relation to antigen- 
antibody reactions in general. 


Some Cellular Diffusion Processes Involving Hydrolytic Membrane 
Equilibria. M. H. Jacobs and A. K. Parpart (Department of Physiol- 
oby , University of Pennsylvania, and Department of Biology, Princeton 
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University). Hydrolytic membrane equilibria are well illustrated by 
the behavior of the erythrocyte in the presence of various ammonium 
salts, singly and in diferent combinations. Three chief types of such 
salts may be distinguished: a, those of weak, so-called penetrating 
acids, which enter all cells with ease by a “molecular” type of penetra- 
tion; 6 , those of strong mineral acids, to whose anions the erytlrrocyte 
is permeable, which enter it by a “molecular-ionic” mechanism con- 
sisting of the penetration of NH 3 followed by an exchange of OH' ions 
for other anions ; and, c, those of acids to whose undissociated molecules 
and anions the erythrocyte is relatively impermeable. 

In a mixture of two salts of types a and c the former in general tends 
to become unequally distributed between the cell and its surroundings 
in a manner that in some respects resembles and in others differs from 
the well-known Gibhs-Donnan ionic equilibrium. This unequal dis- 
tribution explains the rapid but limited swelling that occurs on adding 
a salt of type a to erytlrrocytes suspended in solutions of ammonium 
citrate, but not of NaCl. 

A mixture of salts of types a and b produces a similar swelling, which 
may be followed by exchanges of anions, thus permitting the process to 
proceed indefinitely. The rapid rate of entrance of NH 4 CI into erythro- 
cytes by this mechanism in the presence of low concentrations of bicar- 
bonates, sulphides and cyanides may in a certain sense be considered 
to be a catalyzed diffusion process. 

The addition to a suspension of erythrocytes in ammonium citrate at 
pH 7 of a little saturated NaCl, by furnishing ions for which OH' can 
be exchanged, may cause marked swelling of the cells in spite of the 
increase in the external osmotic pressure. In the analysis of processes 
involving the penetration of ammonium salts, use may advantageously 
be made of the retardation of ionic exchanges, but not of certain types 
of molecular penetration, by butyl alcohol and related substances. 
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Clinic of the Hospital of the University of Pennsylvania.) 

“Cholemic nephrosis” has received little attention from those 
interested in the problems of bile tract disease even though reports 
in the literature suggest that renal injury secondary to hepatic 
disease or injury may be more frequent than is generally believed. 
We have attempted to determine the importance of the renal injury 
in a group of patients with obstructive jaundice in the surgical wards 
of this hospital and in the experimental animal following common 
duct obstruction and cholecystectomy. 

Wilensky,^® in a recent review of the subject of “liver death,” 
points out that the hepatorenal syndrome, in addition to its inci- 
dence in liver and biliary disease, has been seen to follow operations 
for other conditions such as carcinoma of breast, gastric ulcer and 
so on; following the use of certain drugs; in the toxemia of pregnancy, 
thyrotoxicosis, burns and intestinal obstruction. Wilensky stresses 
the phylogenetic relation between the liver and kidney, which 
in certain mammals does not involute, leaving a portal vein to the 
kidney. Anastomoses between the vessels to the liver and kidney 
are at times observed in both animal and man. 

_ Elsom,® studying the renal function of 16 patients with obstruc- 
tive jaundice and 1 with arsenical hepatitis with the Addis method, 
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found an increase in casts, epithelial cells and white blood cells, 
and in erythrocytes in 8 of the patients, and an increase in albumin 
in only 4 patients. Elsom found that the absence of albuminuria 
is a differential diagnostic point between "cholemic nephrosis'' 
and other forms of nephrosis. Blood urea nitrogen determinations 
ranged from 15.5 to 28.1 mg. % in 8 patients and the urea clearance 
ranged from 80 % of normal to a significant reduction in half the cases. 

The occurrence of uremia in hepatic disorders was reported as 
early as 1876, although at that time renal involvement was thought 
to be absent. Helwig and Schutz““ reported severe renal damage 
with fatal uremia in 2 cases of liver disease (1 neoplastic, the other 
associated with severe trauma of the liver). They also reported 
4 cases of gall bladder disease with evidence of renal damage. They 
believed that the damage was not due to an increase in the bile 
salts in the blood since only 2 of the patients were jaundiced. The 
increase in bile salts in the blood after obstructive jaundice lasts for 
only a few days while the nephrosis persists during the period of 
jaundice. Bartlett^ found 6 patients of 56 consecutive cases witli 
bile tract infection who had renal damage with oliguria. Not all 
of these were jaundiced. Meyers and co-Avorkers,^'^ in a study of 
21 cases of jaundice, found 7 with high blood urea nitrogen figures. 
Eiss,® Schutz and associates'® and Rowntree'® have noted uremia in 
patients following biliary surgery. Others'' have noted evi- 
dence of renal injury ranging from albuminuria to uremia and death 
in disease of, and trauma to, the liver. 

Wilensky,®®® in a study of the relation of nitrogen retention to 
liver and biliary tract disease, found tliat the blood urea nitrogen 
AA'as elevated: (1) in 67% of mild grades of biliary tract disease 
without complications; (2) in 86% of mild or moderately severe 
disease with jaundice; and (3) in all but 1 case of mild grades with 
jaundice and nephritis. 

The mechanism involved in renal damage following common duct 
obstruction or liver injury is not clearly understood. Lichtman and 
Sohvah® believe that the anuria and azotemia are due to a pre- 
renal deviation of fluids. They feel that this is the result of dis- 
turbances of those liver functions which are concerned with water 
and mineral balance and water is not available for renal excretion. 
It is their opinion that operation, jaundice, shock, decompression 
and vomiting are not essential in producing renal lesions and that use 
of the term “hepatorenal” syndrome should be avoided. SteAvart 
and Canterow,®' following the intravenous injection of dogs AAuth 
sodium dehydrocholate, an unnatural bile salt, were able to produce 
seA’^ere renal lesions demonstrating regressive and regenerative 
changes in the tubules. 

In common duct obstruction there is usually some hepato- 
cellular damage and it is not unlikely that other substances to.xic to 
the kidney may be released from the injured liver cells. RaA-din'^ 
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found an increase in histamine and choline in livers of dogs in which 
the common duct had been ligated over a period of days. 

Boyce and McFetridge/ following a clinical and experimental 
investigation of the mechanism of so-called "liver death,” came to 
the conclusion that the hepatorenal syndrome is due to the release 
of the common duct obstruction. This, they believe, permitted 
the escape of a toxin which, acting upon an overtaxed kidney, 
causes a breakdown of the convoluted tubules. This thesis is also 
held by others.^^'’ 

Heyd'^“ is of the opinion that the kidney lesions and the anuria 
seen in liver disease are unrelated to the liver. He divides “liver 
deaths” into three groups: 1, hepatic exliaustion due to surgical 
intervention; 2, hepatic failure following release of the obstruction 
in jaundiced patients which causes a reactive hyperemia in an 
already compromised liver; 3, pancreatic intoxication in disease of 
the common duct and pancreatitis without jaundice. Dourmash- 
kin^ presented an interesting report on 2 patients with coexisting 
hepatic cirrhosis and urethral stricture, who, following urethral 
instrumentation, developed an acute hepatorenal sjmdrome and 
died. Their urine showed albumin and red cells and the one patient 
at autopsy showed epithelial degeneration of the kidney. Another 
patient, assumed to have cirrhosis, developed a mild icterus follow- 
ing iritra-ureteral manipulation for a stone and recovered. In a 
review of 500 deaths following operations on the gall bladder and 
bile ducts, Stanton^” reported that 24 were due to renal failure. 

We feel that the renal lesion in common bile duct obstruction 
and in instances of more severe liver damage should not be con- 
sidered as a minor complication, but as a major one. It is true that 
in most instances permanent injury does not occur if relief of the 
aggravating condition is afforded promptly, but there is a not 
inconsequential group which goes on to anuria and a uremic death. 

Pathologic Anatomy. The pathologic change of the Iddney of 
“cholemia nephrosis” has been described^ as being confined mainly 
to the tubules. These exhibit dilatation with a narrowing and 
degeneration of the epithelial cells. There is occasionally partial 
obstruction of the tubules, which contain much granular debris 
and occasional casts. Bile pigment may be seen in the epithelial 
cells and in the intratubular spaces. There are often localized areas 
of fibrosis and edema in the interstitial tissue. In other instances 
one finds sclerotic patches with hyalinized glomeruli and atrophic 
tubules. As a rule the glomeruli are normal, but may show an 
increase in, and some swelling of, the endothelial cells. Granular 
debris is often present in Bowman’s capsule and there may be 
irregular thickening of the membrane. 

Lieber and Steward'* classified microscopic renal changes in 
patients with bile duct obstruction in their material as follows: 
(1) In complete and permanent obstruction of the common duct 
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due to primary carcinoma of the pancreas a few regressive changes 
and much green, yellow and black pigment, although there is not 
much bilirubin; (2) in carcinoma of the pancreas with death follow- 
ing surgical decompression, regressive changes are prominent, 
although there is diminution of renal pigment; (3) in obstructive 
jaundice due to calculi with death following decompression, regres- 
sive changes more marked tlian in (2); (4) in calculous disease 
without jaundice with death following surgical procedures, damage 
is less than in (2) and (3). 

Clinical Studies. In order to investigate the incidence of renal 
injury following bile duct obstruction the histories of 32 patients 
with obstructive jaundice on Surgical Divisions “B” and “E” 
were studied. Most of these were cases of calculous obstruction, 
although 3 had pancreatic lesions, 2 stricture of the common duct, 
and 1 a carcinoma of the ampulla of Vater. All were jaundiced 
for periods ranging from 3 days to 9 montlis. All patients came to 
operation and 5 died. 

Six of the 32 excreted urine with a specific gravity of 1.015 or 
less, and 16 excreted urine with a specifie gra^nty of 1.020 or less. 
At least a trace of albumin was present in the urine in every case; 
it was present in a moderate amount or more in 17. This is not 
in accord with Elsom’s® statement that absence of albuminuria is a 
distinctive feature of “ cholemic nephrosis.” Casts were seen in the 
urine of 13 patients, although not in large numbers except in 5. 
Red blood cells in abnormal amounts appeared sporadically in 
4 cases; white cells were noted in pathologic quantities in 17 cases. 
As these patients were not always studied from a renal viewpoint, 
blood urea nitrogen, urea clearance and phenolsulphonephthalein 
excretion determinations were few. One of those that died had a 
rising blood urea nitrogen, values of 43 mg.% 4 days before and 
54 mg.% 2 days before death. The recorded causes of death of 
the other 4 were “liver shock,” myocardial failure and hemorrhage, 
but a review of the records is not convincing tliat tliese were the 
causes of death. There was no notable difference in the urinary 
findings before and after operation. 

In order to attack the problem from another angle, a study was 
made of cases dying of hepatic or biliary tract disease. Included 
in this study are all the patients who died between 1922 and present 
date of hepatic or biliary disease on the services of Dr. Muller and 
Dr. Ravdin, a total of 61 cases. Nearly all of these cases are known 
definitely to have been jaundiced. Operations were performed on 
50 patients; autopsies, with complete study of the kidney ,_ on 20. 
Chronic calculous cholecj^stitis and common duct obstruction was 
the diagnosis in 28 cases; the next most common condition was car- 
cinoma of the head of the pancreas (9 cases) ; there were 6 cases of 
non-calculous common duct obstruction; 7 of cirrhosis of the liver; 
2 of carcinoma of the gall bladder; and 1 case each of traumatic 
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rupture of the liver, acute hepatitis, carcinoma of the common duct, 
liver degeneration and necrosis of unknown etiology, carcinoma of 
transverse colon, retroperitoneal sarcoma, carcinoma of the liver 
(unverified), hepatic failure with septicemia and carcinoma of the 
stomach. 

Low specific gravity of the urine was found in approximately the 
same percentage as in the first group. Of the 61 patients, 13 had a 
consistent specific gravity of 1.015 or less, and 30 had a specific 
gravity of 1.020 or less. Albumin, a trace or more, was seen in 
55 cases; 27 cases showed a moderate or greater amount. This 
strengthens our impression that absence of albuminuria is not a 
distinguishing character of the renal changes associated with biliary 
or hepatic dysfunction. 


Table 1.— Incidence of Urinary Findings in the Clinical Cases Studied. 


Series. 

No. of 

Specific 

gravity. 

Albumin. 

Caste. 

R.B.C. 

W.B.C. 

B.U.N. 

patients. 

Below 

1.015. 

Below 

1.020. 

Pres. 

Mod. 

or 

more. 

Pres. 



Many. 



40-150 

mg.%. 

I 

32 

6 

16 

32 

17 

13 

5 ^ 

6 

4 

17 

10 


II 

61 

13 

30 

55 

27 

44 

27 

24 

8 

57 

21 

10 


Casts were seen in the urine of 44 patients; of these, 27 showed 
casts regularly and in large amounts. Twenty-four patients 
showed some red blood cells in the urine, and 8 of these had erythro- 
cytes in large amounts. As in the first group of patients studied, 
there was an insuflSciency of tests of renal function. However, on 
11 patients upon whom phenolsulphonephthalein tests were made, the 
excretion was normal. The blood urea nitrogen was high in 10 
patients, ranging from 40 to 159 mg.%. In 18 others, upon whom 
the determination was made, the range was between 8 and 27 mg.%. 
Although the clinical diagnosis of uremia was considered in only 
4 of these patients, we cannot help but feel that the renal injury 
was a factor in the morbidity and mortality of more than 4 cases. 

In practically all instances in which patients were discharged as 
improved, the excretion of albumin and casts cleared up before the 
patient left the hospital. The same is true of the excretion of red 
and white blood cells. In the series of patients who died, however, 
the urinary abnormalities continued until death (Table 2). Tubu- 
lar degeneration was seen in all but 2 cases. In nearly half the 
cases (9) there was fibrosis or hyalinization of glomeruli. Localized 
areas of round cell infiltration were noted in 4 cases, 2 of these being 
in proximity to damaged glomeruli. Thirteen cases exhibited 
sclerotic changes in the small and large blood-vessels of the kidney. 

Experimental Studies. We have investigated the pathologic 
changes in the kidney following experimental obstruction of the 
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common duct of 6 dogs. Using etlier anesthesia, the common duct 
of each of these animals was doubly ligated and divided. A biopsy 
was taken from one kidney for control purposes. 

So far 3 dogs have died during observations (Table 3) and 2 have 
been sacrificed. The lengths of life postoperatively were 22, 44, 42, 
68 and 97 days. It is interesting to note that 4 of these 5 had 
perforated duodenal ulcers. Urinalyses and tests of phenolsulphone- 
phthalein excretion were made at intervals. Some authors have 
reported a rise ill phenolsulphonephthalein excretion in biliary 
obstruction while others have found no change.^’® 


Table 2. — Renal Changes in the 20 Cases in Sebies II that came to Autopsy. 


Patient. 

Tubular change. 

Glomerular change. 

Interstitial 

nephritis. 

Blood-vessels. 

A. R. 

None 

Hyalinization; thick- 
ened capsules 

Subcortical 


A. C. 

Cloudy, swelling 

Fibrosis 

Periglomer. 

Fibrosis — retention 

M.R. 

Epith. irreg., granular 
cells swollen 

None 

None 

Engorged 

S.B. 

Swollen, granular, des- 
quam. 

None 

None 

Large arteries and ar- 
terioles thickened 

J. S. 

Swollen, granular 

Number reduced 

None 

Few fibrosis scars 

N. A. 

Swollen, granular 

None 

None 

Sclerotic (many cysts 
with and without 
hemorrhage) 

Intimal thickening 

I. K. 

Granular 

Hyalinization, fibrosis 

None 

E. K. 

1 Flat, poorly preserved 

Contain amorph. ppt. 

None 

None 

F.H. 

Vacuolated; am. masses 

None 

None 

None 

J. McC. 

of yellowish pigment 
Marked cloudy swelling 

None 

None 

Engorged 

J. B. 

A. G. 

Degen., desquam. j 

Irreg. epithelium 

Thickened, gran., cap. 

loops in several 
Contain pink-staining 
material 

Shrunken, fibrosis 

1 

None 

Large arteries, thick- 
1 ened 

P. S. 

Swollen, granular 

None 

Thickening of afferent 
arterioles; intimal 
change in small ar- 
teries 

N. M. 

si. cloudy swelling 

None 

None 

Rare mesial arteriolar 
thickening 

N. F. 

SI, degeneration 

Mod. hyalinization 

None 

Some hyalinization of 
arterioles 

J U. 

Swollen, irreg., granular 

Occ. hyalinized 

None 

None 

J. C. 

Irreg., fat change, swol- 
len 

Hyalinization; areas 
of interst. nephritis 

Occ. sub. 
capsular 

Thickening, hyaliniza- 
tion of small arteri- 
oles 

0. S. 

None 

Obliterated in places 
by wedge-shaped 
scars 

Infilt. about 
glomeruli 

Medial sclerosis of 
large vessels 

R. P. 

Swollen, granular; hya- 
line change 

Fibrosis 

None 

Thickened with hya- 
Unization in small 
arterioles (few) 

R.McN. 

Necrotic, disintegrating 

Less cellular than nor- 
mal; occ. scar glo- 
merulus 

None 

Arterioles mod. scler- 
otic. 


The 6 dogs all showed albumin in the urine after operation; all 
but 1 showed white blood cells and only 2 showed red blood cells in 
the urine. Casts were absent in all cases. Bile-stained renal cells, 
a condition thought bj’^ some® to be indicative of renal damage in 
obstructive jaundice, were noted in the urine of 3 animals. Thus 
the urinary picture of these animals was not as severe as in the 
clinical cases. 
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The method of determining thephenolsulphonephthalein excretion 
was as follows: The animals were catheterized and the bladder 
emptied. One cubic centimeter of phenolsulphonephthalein (6 mg. 


Table 3. — Phenolsulphonephthalein Excretion of Dogs Following Experi- 
mental Obstruction op the Common Duct. 


Dog 277. 

Dog 341. 

Dog 380. 

Dog 496. 

Dog 644. 

Date. 

PSP, 

%• 

Date, 

PSP. 

%• 

Date. 

PSP, 

%. 

Date. 

PSP, 

%. 

Date. 

PSP, 

%■ 

1-6 

Operation 

1-13 

Operation 

1-25 

90 

2-15 

55 

3-18 

55 

1-25 

70 

2-6 


1-27 

Operation 

2-17 

60 


55 

2-10 

> 55 

2-20 


2-8 

70 

2-17 

Operation 

3-22 

Operation 

3-8 

75 

2-24 

Death 

3-8 

75 

3-8 

55 

4-1 

60 

3-15 

70 



3-9 

55 

3-15 

45 

4-5 

70 

3-16 

70 



3-10 

70 

3-17 

35 


Death 

3-17 

70 



3-15 

60 

3-20 

60 



3-21 

70 



3-17 

55 

3-21 

60 



4-3 

70 



3-20 

60 

3-22 

60 



4-6 

55 



3-21 

45 

3-24 

65 



4-8 

55 



3-22 

35 

4-3 

60 



4-14 

Death 



3-24 

70 

4-6 

00 







3-27 

60 


Sacrificed 







4-1 

70 









4-5 

Sacriticed 






per cc.) was injected intravenously. Tap water (500 cc.) was given 
by stomach tube. At the end of an hour, the bladder was emptied 
(the catheter having been kept in place) and washed out with 60 cc. 
of tap water. The percentage of dye excretion was determined by 
comparison with a Dunning colorimeter (Table 3). It can be seen 
that there were no consistently striking depressions of the phenol- 
sulphonephthalein elimination, although in 2 animals there was a 
depression with return to normal. 

In 2 dogs (380 and 496) the phenolsulphonephthalein excreted was 
but 35%. In Dog 644 there is a slight rise in the phenolsulphone- 
phthalein excretion following operation. 

Pathologic Findings. In the sections of kidney obtained at 
autopsy there was no significant change found in the glomeruli. 
The blood-vessels and interstitial tissue were also normal. The 
main change was in the tubules, which were dilated and which 
showed compression of the lining epithelium. There were areas of 
vacuolization, fragmentation and desquamation in the tubular 
epithelium. Occasional casts were seen in the tubules; in the cells, 
in some instances, was seen a deposition of yellowish-brown pigment. 
These changes are essentially the same as those previously described 
in human “ cholemic nephrosis.” 

SummaTy,^ Our clinical and experimental studies strongly con- 
firm Elsom s® observations on renal changes in hepatic disease, 
except that our patients had a high incidence of albuminuria and a 
number of high blood urea nitrogen figures were noted. 

A preexisting renal lesion is intensified by a secondary “cholemic 
nephrosis.” The high incidence of glomerular changes in the 
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patients tliat died suggests that a preexisting renal lesion may have 
been present. This is strongly suggested by the fact that these 
changes predominated in the elderly patients. 

If no previous renal injury exists, the evidences of “cholemic 
nephrosis” disappear rapidly following release of the obstruction. 
The major injury in this disorder is confined to the tubules. 

The nephrosis associated with bile duct obstruction may be a 
determining factor in the final outcome and should not be looked 
upon as an inconsequential complication. 
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TUBERCULOSIS OF THE NASOPHARYNX. 

POSITIVE Sputum With a Roentgenographicallt Negative 

Chest. 

By John Watkins Trenis, M.D., 

INSTRTJCTOH, DEPARTMENT OP INTERNAL MEDICINE, UNIVERSITY OF MICHIGAN, 

ANN ARBOR, MICH. 

(From the Tuberculosis Unit of Dr. John Barnwell. Department of Internal Medicine, 
University of Michigan Medical School.) 

Since Kocli’s'* classic demonstration of tubercle bacilli in the 
sputum and Munier’s^ demonstration of their presence in the gastric 
contents, either finding has been considered indicative of a tuber- 
culous lesion in the pulmonary parenchyma. During more recent 
years, attention has been called to the fact that tubercle bacilli 
found in the sputum may arise from lesions of the tracheobronchial 
tree. In the past 2 years, we have had occasion to observe 2 cases 
which suggest to us that still another source of tubercle bacilli in 
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the sputum should receive more serious clinical study. Both of 
these had tuberculous lesions of the nasopharynx; both raised their 
sputum in the characteristic manner for postnasal discharge; in 
both the sputum contained readily demonstrable tubercle bacilli; 
and in one, frequent roentgenograms of the chest and a broncho- 
scopic examination were negative for evidence of tuberculosis. 

The following reports in the literature emphasize the need for 
further separation of the several possible sources of tubercle bacilli 
in the sputum and gastric contents when a pulmonary lesion cannot 
be demonstrated. 

Steidl and Heise,^® in 1931, in discussing the value of old tubercu- 
lin administered subcutaneously for diagnosis in 419 cases of “sus- 
pected pulmonary tuberculosis,” found that 35 had a history of 
tubercle bacilli in their sputum before admission to' Trudeau Sana- 
torium or that tubercle bacilli were found during their residency 
there. Later in 1934, Sampson and Brown,’^ reporting from the 
same place, state, “Another study of 312 patients without definite 
roentgenological change presenting one or more of the other four 
cardinal diagnostic criteria, revealed that 59 were said to have had 
tubercle bacilli in the sputum at some time, often before admis- 
sion. . . .” In a recent personal communication with one of the 
authors^^ it is now roughly estimated that this number approaches 
the 100 mark. Some of these cases later developed roentgeno- 
graphic signs of pulmonary tuberculosis; in others, giving a history 
of having had tubercle bacilli in their sputum, this may have been 
an erroneous observation; in still others, the focus of tuberculosis 
in the respiratory tract may have been in the nasopharynx, the 
trachea, or the bronchi. 

Meersseman,® in June of 1938, reported from France a group of 
people he called “healthy expectorators” of tubercle bacilli. He 
apparently became interested in this problem in 1930 when he dis- 
covered a medical student and a young soldier with tubercle bacilli 
in their sputum and with negative chest .r-ray findings. These 
2 patients were not proved to be carriers of tubercle bacilli by 
guinea pig inoculation but the morphology and staining were so 
typical that the author did not doubt their being tubercle bacilli. 
Later, among 84 healthy medical students who were radiographi- 
cally negative, he found one whose sputum produced a tuberculous 
death in a guinea pig 4 months after inoculation. In 1934, he 
examined 51 medical students with negative chest .T-rays and 69 
soldiers with negative fluoroscopic examinations. The sputum of 
each of these students and soldiers was inoculated into guinea pigs. 
Two medical students with negative chest .r-rays had tubercle 
bacilli in the sputum and no .x-ray changes developed over a 3-year 
period of observation. A third, a soldier, was found to have 
tubercle bacilli in the sputum by guinea pig inoculation and the 
chest .x-ray taken after this finding was negative. There was no 
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X-ray follow-up of this case, but he withstood 1 year of military 
duty in apparent good health. The fourth case, a soldier, harbored 
tubercle bacilli in the sputum and the chest x-rays remained negative 
o^"er a period of 1 year. In addition to his own cases, he cites the 
work of several French and one Spanish author who reported 
approximately 20 similar cases. Meersseman appears to have 
attempted to rule out any local source of tubercle bacilli by stating 
that at the time of the larjmgeal examination he looked for any 
lesion capable of producing a positive sputum,' but he makes no 
specific mention of having examined the nasopharynx. As an 
explanation of the aboA^e findings, he admits that the pulmonary 
lesion may exist but be too small to give x-ray change or clinical 
suggestion, but he prefers the theory that it is an elimination of 
bacilli by a healthj'^ pulmonary parenchyma without concomitant 
or consecutive tuberculous evolution. 

There are numerous reports of the finding of tubercle bacilli in 
the gastric contents, stools, or sputa of children with no demon- 
strable pulmonary tuberculosis. Most of these are concerned with 
tuberculosis of the hilar glands but some refer to cases with no 
roentgenographic evidence of intrathoracic tuberculosis, some with 
tuberculous cerAucal adenitis, otliers with tuberculosis of bone or 
joint. In 1927^® and again in 1931**’ Armand-Delille, reporting on 
the guinea pig inoculation of gastric contents, found that some of 
the positive cases occurred in children (number not stated) present- 
ing no clinical or roentgenographic evidence of pulmonary disease. 
Opitz, in 1930*“ and in 1931,®* also reported the results of guinea pig 
inoculations of gastric contents. Among those in whom tubercle 
bacilli were discovered, he found 10 patients Avith negative chest 
x-rays, 8 having tuberculosis of the bone or joints, and 2 haAdng a 
tuberculous cervical adenitis. Opitz, like hleersseman, mentions 
many similar cases seen by other physicians. Wallgren*® reports a 
like study which yielded a feAv positive cases apparently lacking 
roentgenographic evidence of intrathoracic disease. Of the 24 posi- 
tiA'e culture or guinea pig inoculations of the gastric contents of 
children reported by Nalbant® in 1934, 4 Avere stated to have no 
.x-ray change in the thorax. 

It is apparent that the literature is fairly replete Avith instances 
in AAdiich the presence of tubercle bacilli in the sputum or gastric 
contents demands an e.xplanation as to the site of their origin. 
Meersseman® apparently searched the loAver pharynx and larjmx as 
is common practice. Poulsen'* refers to the tonsils as a possibility. 
Kereszturi ei oZ.® suggest the possibility of a nasopharyngeal source, 
but no actual demonstration of such an origin is contained in the 
reports reviewed. We therefore wish to present 2 cases in AA'hich 
such demonstration has been made. 

Case Abstracts, Case 1.— S. K., a Avhite Polish girl, of 18 years, A\'as 
admitted to the Unwersity of Michigan Hospital, June 10, 1930, Avith tlie 
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history of severe colds and sore throats the preceding winter, _ and having 
noticed enlargement of the cervical glands 5 weeks before admission. The 
past history is of importance only in that the tonsils had been removed here 
2 years previously and the pathologic sections failed to show evidence of 
tuberculosis. 

Upon examination, the girl was found to be healthy except for the finding 
of bilateral cervical glands, several being enlarged to the size of a walnut 
and lying chiefly in the postcervical region. Admission laboratory exam- 
ination showed only a slight lymphocytosis and a moderately elevated 
sedimentation rate. 

Course in the hospital: The patient was admitted to the general medical 
service and there a biopsy of one of the cervical glands showed active 
caseating tuberculosis, after wliich the patient was transferred to the 
Tuberculosis Unit for observation and treatment. The routine examination 
of the concentrated sputum was reported as showing acid-fast organisms 
typical of tubercle bacilli. This finding was substantiated on four different 
occasions during the next 4 months. A stereoscopic x-ray examination 
of the chest was negative as was a similar study performed on the 
former admission 3 years before. While a patient on the Tuberculosis 
Unit, 4 monthly stereoscopic x-ray studies of the chest continued to 
show no evidence of tuberculosis. In view of the unexplained presence 
of tubercle bacilli in the sputum, oblique, lateral, apical detail, and Potter- 
Bucky x-ray studies were made and these disclosed no lesion of the 
lungs, pleura, or mediastinum. Bronchoscopic examination showed no 
evidence of tuberculous tracheobronchitis as a possible source of positive 
sputum. Following this period of 4 months' observation, it was decided 
to transfer this patient to a neighboring sanatorium for further observation. 
Just before her scheduled departure, in discussing the situation with the 
patient, we were for the first time impressed with the history of postnasal 
discharge and the absence of cough. Though we were not aware of a naso- 
pharyngeal lesion as a sole source of tubercle bacilli in the sputum, the 
localization of the symptoms led us to ask the otolaryngologists to examine 
this area to see if such existed. They observed a wliite exudate in the 
adenoid area, and a smear from this readily showed acid-fast organisms 
typical of tubercle bacilli by direct examination. The adenoid tissue was 
removed by the LaForce adenotome and the pathologic report on this tissue 
was as foflows; “Numerous epithelioid tubercles throughout the specimen 
of adenoid. Some with caseation necrosis.” Smears and cultures from 
that area taken 6 days later showed no tubercle bacilli and nasal washings 
taken 9 days postoperatively were likewise negative for concentration 
examination and culture. 

This patient has returned for examinations at 6-month intervals since 
discha,rge, the last visit being 26 months postoperatively. The postnasal 
secretion had so dimimshed after operation and up to the present time that 
she found difficulty in producing sputum, and that which was produced 
was negative on three concentrate examinations 2, 18 and 26 months 
postoperative, and on two cultures, 2 and 26 months postoperative. The 
severe sore throats she had experienced before operation had entirely dis- 
appeared. Roentgenographic examinations of the chest remained negative 
26 months postoperative. The cervical glands responded promptly to the 
first period of bed rest and x-ray therapy, and at the last observation 
could not be palpated. 

Case 2. — A white male, aged 28, was admitted to the University of 
Michigan Hospital, March 3, 1938. He had been in good health until 
9 months before admission when he noticed the sudden onset of pain in 
the mid-chest, dry cough and temperature elevation to 102°. The chest 
discomfort, which had been accentuated by respiration, lasted only 1 week, 
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but the temperature elevation to 101® persisted daily for 4 to 5 months. 
During this period, he had several a:-ra5'’ examinations of the chest and 
a bronchogram performed in other hospitals without positive findings. 
Four months before admission to this hospital, and 4 to 5 months after 
the onset, he visited a large clinic where a diagnosis of Hodgkin’s disease 
was made on the following findings:- 1, x-ray at that time showed 
an enlargement of the upper mediastinum; 2, the cervical, axillary and 
inguinal nodes had also become enlarged; 3, the appearance of m ild abdom- 
inal pain and abnormal resistance and tenderness on palpation of the 
abdomen suggested retroperitoneal adenopathy; 4, the patient reported 
decrease in the size of the glands and general improvement following the 
11 x-ray treatments given there; 5, biopsy of a cervical gland was 
reported as follows: “LjTOphnode showing diffuse changes of Hodgkin’s 
disease. Areas of caseation necrosis but no tubercles.” This quoted 
report was made by our pathologist who reviewed the slide after the tuber- 
culous complication had been discovered here. 

On admission here, the patient appeared acutely ill with evidence of 
long-standing illness. The temperature was 100°, pulse 100, respirations 24. 
There was a biopsy scar in the right supraclavicular fossa. There were 
multiple pea- to bean-sized anterior and posterior cervical lymph glands, 
and bilateral olive-sized axillary and inguinal lymph glands which were firm, 
discrete and non-tender. The chest examination suggested slight increase 
in the retromanubrial dulness. 

The laboratory findings indicated a secondary anemia with suggestive 
evidence of a lymphoblastoma in the- blood smear. Two concentrate 
examinations and a culture of the sputum were positive for tubercle bacilli 
as well as three direct smears. 

The admission stereoscopic x-rajr examination of the chest showed 
a fine stippling over the upper two-thirds of both lungs, which did not have 
the appearance of tuberculosis and was reported as being strongly suggestive 
of Hodgkin’s disease of the lung parenchyma. There also was enlargement 
of the hilar shadows. Followng our review of the chest x-rays, we 
were unwilling to accept the .chest as a source of the tubercle bacilli in the 
sputum. The only tuberculous lesion it suggested was a localized miliarj’^ 
one, and if so, it was highly atypical in distribution, and, further, it is not 
our experience to expect bacilliferous sputum in such cases. 

With the experience of the first case in mind, reinvestigation of this 
patient readily revealed the history of a profuse postnasal discharge which 
had been present for about 3 months. The laryngologist reported a small 
ulcer of the larynx and more importantly, an ulceration in the adenoid area 
about 17 mm. in diameter. A biopsy of the tissue in that area is reported 
as follows: “Numerous discrete and confluent epithelioid tubercles with 
caseation necrosis scattered throughout the tissue submitted. Small 
localized ulceration of the nasopharjmgeal mucosa. Lymphoid hyperplasia. 
No evidence of Hodgkin’s disease.” Stain of the tissue readUy showed 
acid-fast bacilli. The patient’s course was rapidly downhill with daily 
temperature elevations to 102° to 103°. A week before death he developed 
intestinal obstruction, but in view of the prognosis and the patient's poor 
general condition, an operation was not performed. He died 22 days after 
admission. autopsy was refused. 

Comment. Tw'o cases are cited to show that tuberculosis of the 
nasopharynx is a source of tubercle bacilli in the expectoration. In 
tire first case, this was the only source discovered, and surgical 
removal of the focus relieved the patient of the symptoms and the 
infectious sputum, and more importantly, removed the necessity 
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for further treatment or isolation. The second case is cited mainly 
to support the fact that this area is a source of bacilliferous sputum 
and to call attention to the fact that whenever tubercle bacilli in 
the sputum tend to refute the clinical and roentgenologic diagnosis 
of a non-tuberculous condition, the nasopharynx should be in- 
vestigated. 

Both patients reported that the sputum was not brought up from 
the lungs by cough. In the first patient, the posterior cervical 
glands were shown by biopsy to be tuberculous. Since this chain 
drains the posterior nasopharyngeal area, it is believed that the 
adenoid lesion was a source of the tuberculous adenitis. The 
presence of these conditions, i. e., postnasal discharge and posterior 
cervical adenitis should further direct attention toward the posterior 
nasopharynx in patients with a positive sputum from an unidentified 
source. 

When the case records of the same material reported by Weller,^'’ 
later by Magee,® and more recently by Pollard and Combs'® were 
reviewed, it was found that enlargement of the posterior cervical 
lymph glands was not an invariable concomitant of tuberculosis of 
the adenoids. 

It has been pointed out that the combination of a positive sputum 
and negative chest x-ray is not a rarity in the literature. It is not 
maintained that nasopharyngeal infection may account for all or 
even a majority of these instances, but it is shown that it may 
account for some. The incidence of tuberculosis in the adenoid 
tissue has not been studied as thoroughly as that of the tonsil. 
In 1917, CroAve et al.^ showed by microscopic examination that 
1.7% of the adenoids removed during 1000 routine tonsillectomies 
and adenoidectomies were tuberculous. Scarff and Wiitby," in 
1929, inoculated guinea pigs with macerated adenoid tissue from 
50 patients having routine adenoidectomies and, in 2 of these, posi- 
tive results were found. It is interesting that these were the only 
2 patients in the group with a tuberculous cervical adenitis. 

It is not believed that the failure to consider this lesion will be 
a common source of error in clinical work but since the suspected 
area is accessible to the examiner by inversion of the laryngeal 
mirror, it is suggested that it be made routine in all cases of tuber- 
culosis, and that it certainly never should be omitted in patients 
with postnasal drip and cervical adenitis. The examination should 
precede the hronchoscopic search for source of bacilli when the lung 
appears to be free of tuberculosis or to be adequately controlled by 
collapse therapy. 

Conclusion. Two cases are presented to demonstrate that tuber- 
cle bacilli in the sputum may arise from the posterior nasopharynx; 
in 1 of these, this appeared to be the sole source of bacilli. 

When the ehest roentgenogram shows no evidence of tuberculosis, 
or when the changes present do not serve as a satisfactory explana- 
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tion as to the source of tubercle bacilli in the sputum or gastric 
contents, a tuberculous lesion in the posterior nasopharynx as well 
as one in the tracheobronchial tree should be suspected as the site of 
origin of the bacilli. 
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The possibility that hemorrhagic diatheses which are associated 
with a prolonged venous blood coagulation time may be due to the 
existence of a circulating anticoagulant has been suggested on several 
occasions.^® However, as far as can be ascertained from the 
literature the presence of such an anticoagulant has never been 
actually observed in the plasma of a patient. Indeed in true hemo- 
philia this hjipothesis has been investigated and found to be' unten- 
able.-*^ The purpose of this communication is to report the history, 
necropsy findings and certain investigations on a patient with 
hemorrhagic diathesis in whom a prolonged coagulation time ap- 
peared to be associated with the presence of a circulating anti- 
coagulant. 

* The e.\"penses of flu’s investigation were defrayed in part by a gift to Harvard 
University from the Smith, Kline and French Laboratories of Philadelphia and by a 
grant given in honor of Francis Weld Peabody by the Ella Sachs Plotz Foundation. 
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Case Report. A 61-year-old rmdalto male with 8 months cachexia, recent 
hemorrhagic manifestations, generalized lymphadenopathy arid prolonged coag- 
ulation time, died of postoperative hemorrhage following excision of lymph node. 

Present Jllrwss. J. S. (No. 922309, B. C. H.), a 61-year-old colored 
married American dining car waiter was admitted on December 6, 1938, 
complaining of pain in the left flank and left upper quadrant of 3 days’ 
duration. This was cramplike but dull in nature and associated -with febrile 
and chilly sensations. On the day before admission he vomited twice and 
had a severe epistaxis. For 8 months he had not been feeling well, suffering 
from dyspnea on exertion, mild orthopnea and ankle edema. During the 
7 months prior to admission, after being unable to work for 6 months, he 
was digitalized and worked for the 1 month without distress. 

Family History. Father died of “cancer of rectum.” One sibling is 
thought to have died of tuberculosis many years ago. There was no history 
of hemorrhagic disorders. 

Past History. Until the present illness the patient was remarkably well, 
working faitMully as a dining car waiter. During the last 7 years he suffered 
very shght epistaxes about once a year and had a hacking nocturnal cough. 
Thirty years ago he had gonorrhea and 6 years ago following a routine blood 
test he was given a few intramuscular injections the nature of which was 
not discovered but which produced a transitory attack of jaundice. There 
was no history of alcoholism or use of tobacco. In his occupation he was 
exposed to brass and silver polish and the usual fumes and smoke of the 
railroads. During the last year his weight fell from 75 to 64 kg. He was 
married twice. One daughter by his first ivife is living and well. 

Physical Examination. On admission he was acutely HI, fairly well 
developed, somewhat undernourished and moderately dyspneic. Tem- 
perature 39 ° C., pulse 100, respirations 24. Blood pressure 135/70. There 
were diminished resonance and moist rales at both lung bases. The heart 
was slightly enlarged to the left by percussion, with a gaUop rhythm and 
precordial systolic murmur. The abdomen was tender in the left flank as 
was the left costo-vertebral angle. A small firm lymph node was palpable 
in the right supraclavicular space and both inguinal chains were moderately 
enlarged, the nodes being firm but freely movable. 

Laboratory Findings. (A large amount of laboratory work was done on 
this patient and all duplicate findings are omitted.) 

Urine. Microscopic hematuria and slight albuminuria were present 
. constantly. The highest specific gravity of the urine was 1.026. On admis- 
■ sion ureteral catherization revealed that red cells were coming from left 
kidney. 

Blood (Hematology). On admission the patient’s hemoglobin was 75% 
(Sahli) (11.39 gm.), the red blood cell count 4.1 million, the white blood cell 
count 11,200; with 60% neutrophils, 24% lymphocytes and 16% mono- 
cytes. _ The patient's hemoglobin steadily declined, the only known blood 
loss being from hematuria and hematomata; on the 18th hospital day the 
hemoglobin was 36% (5.62 gm.). At this time the white count was 7900 
with 65.5% adult neutrophils, 7.5% “bands, 3.5% eosinophils, 8.5% 
lymphocytes, 15% monoc^s._ There were no significant changes in these 
^dings except for those transitory increases produced by transfusion and 
iron therapy. The mean corpuscular volume of the red cells averaged 
90.0; the reticulocjde percentage 1.5. The corrected sedimentation rate 
(Rourke-Ernstene method) for whole oxalated blood was 1.2 mm./min. 
and for defibrinated blood 0.45 mm./min. Special hematologic findings are 
summarized in Table 1. 

Blood (Chemistry). The non-protein nitrogen varied from 22 to 40 mg./ 
100 ml. plasma. The total protein was 6.79 gm./lOO ml. plasma and a par- 
tition of the protein showed the albumin to be 3.06 gm., the globulin 3.22 gm. 
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and the fibrin 505 mg./lOO ml. of plasma. The fasting blood sugar and glu- 
cose tolerance curves were normal.- The blood calcium was 8.74 mg./lOO ml. 
serum, and inorganic phosphate 3.09 mg./lOO ml. serum. The lipid constit- 
uents were essentially normal; total lipids 531 mg.; phospholipid 9.3 mg.; 
cholesterol 210_mg., free 81 mg. and ester 128 mg.; all per 100 ml. plasma. 
The blood cevitamic acid level was 0.55 mg./lOO nal. plasma which while 
low is above the values found in scurvy. Takata Ara reaction -b-f -!-+• 


Table 1. — Resotib or Laboratory Findings Pertaining to Hemorrhagic 

Diatheses. 


Platelet count (direct) 

Platelet morphology 

Bleeding time (Duke) 

Coagulation time (Patek and Stetson) 

Clot retraction 

Tourniquet test 

“Prothrombin” time (Quick) * 

Serum calcium 

Plasma fibrinogen 

Plasma vitamin C . . • 


335,000 to 937,000/c.mm. 
Normal 

1 to 31 minutes 
68 to 90 minutes 
Normal • 

Normal 

Normal 

8.74 mg./lOO ml. serum 
505 mg./lOO ml. plasma 
0.55 mg./lOO ml. plasma 


Miscellaneous. The Hinton test on the blood serum was positive. No 
acid-fast bacilli were demonstrable in the sputum. The stools were positive 
on rare obcasions for occult blood. Phenolsulphonephthalein test showed 
60% excretion of the dye in 2 hours following its intravenous injection. 
Blood group 0 (Moss IV). Hippuric acid excretion following sodium 
benzoate ingestion was 50 % of normal on one occasion, normal at a later 
period. 

Roentgen Ray Findings. Congestive changes were apparent in both lung 
bases and there was marked enlargement of the hilar glands. There was a 
hypertensive deformity of heart and the aortic knob was sclerotic. Both 
intravenous and retrograde pyelography were negative. Dilatable con- 
strictions of third portion of duodenum and several other areas along small 
intestine and large intestine suggested pathologic changes extrinsic to gastro- 
intestinal tract. The spine, humeri, skull and femora showed no abnormali- 
ties. There were calcified lymph nodes in the right groin. 

Clinical Course. The admission symptoms subsided in 24 hours and at 
no time thereafter was there any recurrence of fever nor did the patient 
complain again of pain in left flank. Repeated physical examinations 
showed no noteworthy changes. He did fairly well on maintenance doses 
of digitalis until the 14th hospital day when he bumped his left hip against 
a table and developed a hematoma the size of a grapefruit. On his 23d hos- 
pital day he was transfused with 500 ml. citrated blood from a compatible 
donor -nuthout untoward reaction and was placed on ferrous sulphate 
0.8 gm. daily. On his 33d hospital day he began to bleed moderately pro- 
fusely from his right nostril. This hemorrhage was controlled by a pack 
impregnated with “steer globulin substance”®'’ changed dail}’- for 3 days when 
bleeding ceased. From this time on however the patient’s condition grad- 
ually grew worse and he suffered two spontaneous hematomata in the left 
calf and right hip respectively. On the 64th hospital day because of the 
obscurity of diagnosis it was decided to biopsy the sternal bone marrow and 
to excise the right supraclavicular lymph node. There was no excessive 
bleeding at the time of operation, but postoperatively he bled from the 
supraclaidcular incision into his neck and superior mediastinum, packing 
of the wound and a 500 ml. transfusion proving of no avail in stopping the 
hemorrhage and he died on his 66th hospital day. 

Biopsy of Sternal Bone Marrow and Supraclavicular Lymph Node. . The 
Eternal bone marrow was essentiall3’^ negative on gross and microscopic 




Fig. 1. — Cut section of lymph nodes at bifurcation of trachea. 



Fig. 2. — Cut section of Ijunph nodes surrounding duodenum. 



Fig. 3. Small active tubercle from pancreatico-duodenal lymph node. (X 186.) 
Note histiocytic center with Langhans giant cell (arrow) and surrounding lympho- 
cytic reaction. 









Fig. 4. — Small healed tubercle from pancroatico-duodenal lymph node. (X ISO.) 
Note hyalinized center of nodule containing pigment (arrows) and surrounded by 
fibrous tissue. , 
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examination. The supraclavicular lymph node was 1 by 1 by 2 cm. in size, 
firm in consistence and mottled dark gray and black in color on cut section. 
On microscopic examination, it showed marked anthracosis and fibrosis, 
and lesions with hyalinized centers surrounded by lymphocytic reaction 
suggesting heating tubercles. An acid-fast stain for tubercle bacilli revealed 
no such organisms. However, when a guinea pig was inoculated with some 
of the macerated tissue, it developed manifest tuberculosis. 

Necropsy (performed 15 hours after death) . The body length was 173 cm. 
and the weight 50.1 kg. There were fresh ecchymoses over the swollen neck 
extending on to the upper anterior chest. In the right supraclavicular 
fossa, there was a wound, 3.5 cm. in length, packed with blood-soaked gauze, 
and another over the midsternum, 4.5 cm. in length, which was sutured and 
apparently healing. There was no peripheral edema. 

On opening the thorax, the anterior mediastinum showed dark purple 
hemorrhagic areas extending from the sternal notch to the superior border 
of the pericardium. Firm fibrous adhesions were found in both pleural 
spaces. In the pericardial cavitj”^ a few thin fibrous adhesions and 3 to 4 ml. 
of clotted blood were present. A small subepicardial hemorrhage was 
observed posteriorly. The heart and lungs appeared otherwise negative. 
The heart’s blood was sterile on culture. In the pelvic region, the parietal 
and a portion of the visceral peritoneum was conspicuous by its dark gray 
almost black color. This was attributed to a previous retroperitoneal 
hemorrhage, the source of which, however, could not be located. 

The liver was slightly increased in weight (1600 gm.) but otherwise pre- 
sented no gross abnormalities. A single brown granular stone 2 cm. in 
diameter was found in the gall bladder. The aorta showed a mild degree 
of atheromatous change. The femoral bone marrow was a mottled mixture 
of dark red brown tissue and fat, the vertebral marrow was pale red brown 
and the tibial marrow was entirely fatty. 

The most striking pathologic change to be found at autopsy was in the 
lymphatic system. Every lymph node that was available at postmortem 
examination was involved by a granulomatous lesion to a greater or less 
degree. The inguinal nodes were apparently most affected being grossly 
caseous and containing several areas of calcification. The tracheo-bronchial 
and hilar nodes in the chest and the pancreatico-duodenal, periportal and 
mesenteric nodes in the abdomen were all discretely enlarged varying from 
0.5 to 5 cm. in diameter. The nodes in the chest were of rubbery consistence 
and cut with a cartilaginous gritty sensation. Those in the abdomen were 
slightly softer. All showed on cut section a speckled dark green and gray 
surface with the configurations of green granite. (See Figs. 1 and 2.) 

The remainder of the organs were grossly negative. 

Microscopic. The chief lesions were in the lymphatic system. Every 
node examined presented the histologic evidences of tuberculosis. The 
inguinal nodes were apparently most affected, being -composed largely of 
caseous and calcareous deposits. The supracla-vicular, tracheo-bronchial, 
hilar, pancreatico-duodenal, periportal and mesenteric nodes all contained 
focal areas of fibrosis and caseation necrosis (Fig. 4) with deposition of cal- 
cium and cholesterin. In selected regions of these nodes typical active 
tubercles could be demonstrated. These showed a histiocytic center -with 
Langhans giant cells and surrounding lymphocytic reaction (Fig. 3) . Stains 
for acid-fast bacilli however revealed no such organisms. In the remainder 
of the organs there were no lesions absolutely characteristic of tuberculosis. 
In the lungs there was a focal area of fibrosis which was consistent with a 
healed tubercle. 

The amount and distribution of anthracosis in the tissues was greater 
than that usually seen. Carbon pigment was present in all the lymph nodes 
except those in the inguinal region. The lungs contained unusually large 
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amounts. Pigment with the appearance of carbon was also present in the 
connective tissue of the portal spaces of the liver (Fig. 5) and in the reticulo- 
endothehal cells of the spleen and vertebral bone marrow. There was slight 
periportal cirrhosis in the liver. 

The tibial and vertebral bone marrow presented a moderate hyperplasia 
of both the erythropoietic and leukopoietic elements. 

Both kidneys contained focal areas in which most of the tubules were 
replaced by fibrous connective tissue in which there were infiltrating lymph- 
ocytes. The tubules remaining in these areas contained darkly basophilic 
hyaline material in the lumens. 

The sections were examined for silica with the polarizing microscope. 
In the lung nodule previously described and in the hUar and cervical lymph 
nodes, rare doubly retractile crystals consistent with the appearance of 
silica were found. The amount however wa^ within normal limits and far 
below that seen in siUcosis. 

Final Postmortem Diagnoses. Generalized tuberculosis of lymph nodes. 
Anthracosis of lymph nodes, lungs, liver, spleen and bone marrow. Find- 
ings consistent with a hemorrhagic diathesis (hemorrhage from operative 
wound, old retroperitoneal hemorrhage, subepicardial hematoma and hemo- 
pericardium). Hyperplasia of bone marrow. Fibrous pleuritis, bilateral-. 
Healed pyelonephritis, bilateral. Chronic cholecystitis and cholelithiasis. 
Slight biliary cirrhosis of liver. 

Generalized lymph node tuberculosis is a rare condition. In this 
patient, as in most of the cases reported, the portal of entry of the 
organism is unknown. The subject has recently been reviewed by 
Miller.^® 

Investigation of the Coagulation Defect of Patient’s Blood. The 
results of the routine laboratory tests are condensed in Table 1. 
The most striking abnormality was the prolonged blood coagulation 
time, ranging from 68 to 90 minutes on numerous occasions. This 
finding was clearly not associated with fibrinogen, prothrombin or 
calcium deficiency and the platelets were increased rather than 
diminished. The laboratory examinations resembled closely those 
presented by true hereditary hemophilia. There was, however, 
nothing in the patient’s past or family history’- to suggest such a 
diagnosis. 

Certain standard procedures developed during the past 3 years 
in this laboratory®®'®^ for the study of the coagulation defect in 
hemophilia wmre applied to this patient. A transfusion of 500 ml. 
citrated blood from a normal compatible donor was given the 
patient but was followed by no change in the coagulation time of 
his blood. This is strikingly different from the fall in the coagula- 
tion time of patients with hemophilia produced by such transfusions 
of whole blood or plasma.®®-®® Using the standard technique pre- 
viously described,®®'®® it was observed that the addition to 2 ml. of 
the patient’s blood of various amounts of normal plasma* and of 

* Hereafter the word plasma refers to the preparation obtained by adding sodium 
citrate to whole blood so that the final citrate concentration is 0.25%. centrifuging at 
2000 r.p.m. for 30 minutes, filtration through No. 2 Whatman paper and then through 
a Berkefeld V fitter. 



HEMORUIL^GIC DIATHESIS WITH PROLONGED COAGULATION TIME 323 

certain derivatives of plasma known to reduce the coagulation time 
of hemopliilic blood did not reduce the coagulation time_ of this 
patient’s blood. It was found, however, that the addition of 
0.4 ml. of an 0.5% solution of calcium chloride did reduce the 
clotting time of 2 ml. of the patient s blood from 08 to 2/ minutes 
m vitro. Larger amounts of calcium chloride had no further eflect. 

men small amounts of the patient’s plasma were added to 2 ml. 
of normal human blood the coagulation time of the normal blood 
was increased from 7 to 28 minutes in one instance and from 11 to 
32 minutes in a second (Table 2). This anticoagulant eflect of the 


Table 2.— Effect of Calcium Iok, Patient’s and Hemophilic Plasma on the 
Coagulation Time of Nohmal Blood. 


Ml. of materials added to 2 ml. of normal blood. , . 

CoaKulation time 


Patient’s plasma. 

Hemophilic plasma. 

0.5% calcium 
chloride. 

of mktiire 
in minutes. 

0 

0 

0 (control) 

7 

0.01 

0 

0 

10 

0.05 

0 

0 

10 

0.10 

0 

0 

2S 

0.20 

0 

0 

42 

0.10 

0 

0.10 

10 

0.20 

0 

0.10 

10 

0 

0.10 

0 

9 

0 

0.20 

0 

15 

0 

0.10 

0.10 

0 

0 

0.20 

0.10 

6 

0 

0 

0.10 

6 


patient’s plasma on normal blood was striking in dilutions of 1 to 
20 and 1 to 40 and still quite apparent at a dilution of as great as 
1 to 200. The addition of calcium chloride partially inhibited this 
anticoagulant effect as it partially reduced the clotting time of the 
patient’s own blood. When these observations were repeated with 
hemophilic plasma on normal blood no anticoagulant effect of the 
hemophilic plasma could be demonstrated except in dilutions of 
1 to 10 when the characteristic prolongation due to citrate ion 
intervened. 

A preliminary* investigation into the nature of the anticoagulant 
in this patient’s plasma was attempted. The slightly increased 
plasma globulin and fibrinogen levels of this patient suggested the 
possibility of liver damage. Because of this the question arose as 
to whether this patient might have an excessive amount of heparin 
in the circulating blood. Chargaff® has shown that heparin when 
present in blood may be neutralized by the addition of salmine 
sulphate. When this patient’s blood was titrated with this pro- 

patient’s blood plasma were obtained during life and were “ lyoph- 
ilized and some of these observations were made postmortem on such plasma after 
redilutmg to the original volume with distilled water. 
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tamine* in amounts varying from 0.001 to 0.1 mg. per 2 ml. of blood 
there was no effect on the coagulation time except that with increas- 
ing concentration of salmine sulphate the intrinsic anticoagulant 
effect of this substance became manifest. On the basis of Chargaff’s 
report the amount of salmine sulphate used in the above experiment 
should have served to neutralize concentrations of heparin varying 
from 100 to 10,000 inhibitor units per kg. body weight. We ac- 
cepted these observations as evidence that the anticoagulant sub- 
stance was not heparin. 

The anticoagulant was relatively thermostabile, resisting a tem- 
perature of 37.5° C. for 72 hours and 61° C. for 10 minutes. Ultra- 
filtrates of the patient’s plasma through cellophane membranes 
under a positive pressure of 20 cm. of mercury for 24 hours contained 
no anticoagulant activity. This would indicate that the anti- 
coagulant is not a simple diffusible substance. 

Dialysis of the plasma against distilled water for 8 daj^s at a 
temperature of 8° C. yielded an euglobulin fraction and a water- 
soluble protein fraction neither of which had anticoagulant action. 
Unlike preparations from normal plasma, the euglobulin possessed 
no clot promoting activity for hemophilic blood. When the globu- 
lin fraction was prepared by diluting the plasma with 10 times its 
volume of distilled water and precipitation with 1 % acetic acid at 
pH 5.6, it was found to be neither coagulant nor anticoagulant 
for hemophilic blood. Such preparations from normal plasma have 
marked clot accelerating power for hemophilic blood.-^ Removal 
of the proteins from the plasma by ethyl alcohofi^ left an alcohol 
residue which when evaporated to dryness in vacuo and redissolved 
in water showed no anticoagulant activity. 

Continuous ethereal extraction for 24 hours employing a Soxhlet 
extractor did not yield an active extract but the residue retained its 
full anticoagulant activity. 

No fibrinolysin was demonstrable in the patient’s plasma or serum. 

Discussion. The patient described represents an individual with 
hemorrhagic diathesis associated with a prolonged coagulation time. 
This finding is relatively uncommon and the conditions in which it 
occurs have recently been reviewed by Pickering.-® In only true 
hemophilia is such decreased coagulability of the blood an invari- 
able finding. The clinical and genetic characteristics of this disease 
are well described^’- but the pathologic physiology still remains 
incompletely understood.^""'' The individual reported here can be 
sharply differentiated from hemophilia on the basis of the obviously 
dissimilar clinical picture and certain established physiologic cri- 
teria. The latter include the failure of blood transfusion to reduce 
the coagulation time of the patient’s blood in vivo and the failure of 
normal human plasma and certain of its active components to 

* Kindly furnished by Eli Lilly and Company, Indianapolis, Indiana. 
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reduce the coagulation time of the patient’s blood in vitro. These 
same criteria also differentiate the patient reported here from the 
female patient of Joules and Macfarlane/^ who presented a pro- 
longed blood coagulation time which was reduced in vitro by the 
addition of normal human plasma. In certain other hemorrhagic 
diatheses, increased coagulation time has been reported occasionally. 
Among these are biliary obstruction, biliary fistula or liver disease.'* 
The decreased coagulability of the blood in these conditions appears 
to be associated ivith a vitamin K deficiency and a consequent 
reduction of prothrombin in the blood.®-®* Lack of fibrinogen may 
be responsible for prolongation of the clotting time. This is usually 
congenital*® but may be associated with hepatic insufiiciency.®* In 
thrombocytopenia prolonged clotting time has been reported in 
surprisingly rare instances®'* in spite of the decreased coagulability 
said to accompany artificial removal of the platelets.'*-® In 1915, 
Hess** reported a patient with hemophilia which he suggested was 
due to calcium deficiency on the bases of a negative calcium balance 
and of the shortening of the coagulation time of the patient’s blood 
produced by the addition of calcium chloride in vitro. This condi- 
tion he termed “hemophilia calcipriva.” However, the patient 
was only 6 years old, at which age a negative calcium balance is not 
unusual and the direct effect of the addition of calcium has been 
repeatedly observed in true hemophilia.*®®-*®® In addition,, it has 
been observed in the coagulation of dog’s blood that levels of calcium 
sufficiently low to interfere with clotting were far below those 
compatible with life of the animal.®® It is doubtful therefore that, 
“hemophilia calcipriva” can exist. ' The patient reported here may 
be differentiated from all these conditions by the laboratory obser- 
vations. The “prothrombin” time, icteric index, blood fibrinogen, 
serum calciumwere all within normallimits. The blood platelet counts 
were somewhat elevated. In spite of a slightly elevated plasma 
globulin level, the liver function as tested by sodium benzoate de- 
toxification was grossly normal. 

At times there has been reported in connection with certain con- 
ditions a hemorrhagic diathesis with a prolonged coagulation time 
unassociated with prothrombin, fibrinogen or calcium deficiency. 
These include tertiary syphilis,®® multiple myeloma*® and uremia.® 
The patient reported here had a positive blood test for syphilis but 
at autopsy there was no anatomic evidence of this disease. Multiple 
myeloma was not present at autopsy and during life it was impos- 
sible to demonstrate Bence-Jones protein in the urine. Repeated 
blood non-protein nitrogen determinations were within normal l im its. 

In the consideration of the nomenclature of the condition which 
this patient presented, the term “pseudohemophilia” suggests 
itself. This is a term which has been applied to hemorrhagic 
diatheses associated with a prolonged coagulation time but equallj^ 
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to those resulting from fibrinogen deficiency^® and to those resem- 
bling hemophilia^® In addition, it has been very frequently applied 
to Glanzmann’s hereditary hemorrhagic thrombasthenia, a 
disorder characterized by normal or prolonged bleeding time and by 
normal clotting time. . This term therefore is ambiguous and 
misleading. 

In all probability the most significant laboratory finding to be 
related to the prolonged coagulation time of the patient reported 
here is the demonstration of the presence in his circulating blood of 
a substance interfering with the completion of the normal clotting 
mechanism.* Whether this anticoagulant is identical with the 
“inhibiting substance” of Howe]h®“'® cannot be said. It does, 
however, possess the thermostability and non-diffusibility of that 
“substance.”^®® As far as the demonstration of the existence of 
some “inhibiting substance” is concerned, the data given in the 
text exhibit this situation even more comprehensively than the usual 
in vitro expositions®®-^® of antithrombic activity since the inhibition 
of blood coagulation occurs even when calcium, prothrombin and 
fibrinogen are present in adequate amounts in the system. 

The unusually generalized anthracosis extending even into the 
liver observed at postmortem examination appears to be the only 
anatomic finding which might bear a relationship to the pathologic 
physiology of this patient. Wliat this relationship is can only be 
speculation at the present moment. As far as the generalized lymph 
node tuberculosis is concerned, a review of the literature has re- 
vealed that several cases presenting purpura hemorrhagica have 
been reported® but none in which the coagulation time is mentioned 
as being prolonged. Minot®^ has reported hemorrhagic diathesis 
with prolonged coagulation time in a patient with miliary tubercu- 
losis. 

To recapitulate then, the patient reported here was a 61-year-old 
mulatto dining-car waiter presenting an 8-month history of pro- 
gressive cachexia. Physical examination revealed slight lymph- 
adenopathy and the ordinary degenerative findings of his age group. 
The routine laboratory studies revealed serologic syphilis, micro- 
scopic hematuria, moderate hypochromic anemia, occasional melena 
and hematemesis and prolonged coagulation time. There was 
roentgenographic evidence of hilar enlargement in the chest and' 
multiple lesions extrinsic to the gut in the peritoneal cavity. During 
his hospital course he developed 2 traumatic hematomata, 2 spon- 
taneous hematomata, and a severe epistaxis. He died of postopera- 
tive hemorrhage following excision of a cervical lymph node and 

* Dr. W. H. after kindly reviewing the data presented by this patient 

has pointed out that in addition to the presence of an anticoagulant a deficiency of 
“globulin substance”** or “plasma thromboplastin”*" may have contributed to the 
prolonged coagulation time. ‘ 
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biopsy of sternal bone marrow. Tbe essential postmortern finding 
was generalized lymph node tuberculosis and anthracosis. The 
most interesting observation concerning the patient was the anti- 
coagulant activity of his plasma for normal blood. The anticoagu- 
lant is a thermostabile, non-diffusible and non-ultrafilterable sub- 
stance. 

Summary and Conclusions. A patient with hemorrhagic diathesis 
is reported in whom a prolonged blood coagulation time was asso- 
ciated with the proven existence of an anticoagulant in his blood 
plasma. The postmortem examination revealed generalized lymph 
node tuberculosis and anthracosis. The relationship of these find- 
ings to the pathologic physiology involved is not established. 

It is quite possible that the presence of a circulating anticoagulant 
may be associated with the prolongation of the blood coagulation 
time found in other conditions. It would seem advisable therefore 
that in such instances the anticoagulant properties of the patient’s 
plasma should be investigated. 

We appreciate the cooperation of Dr. Emmanuel Deutsch, Surgical Research 
Laboratory, Boston City Hospital, in performing the blood lipid and hippuric acid 
excretion determination, and of Dr. Stanley Nowak, Fifth Surgical Service (Harvard), 
Boston City Hospital, in numerous surgical consultations on this patient. 
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The subject of trichinosis has recently attracted considerable 
attention. This interest has come for the most part from an effort 
of the United States Public Health Service to obtain data regarding 
the distribution of the parasite in the general population and from 
their desire to offer a program for the effective control of the dis- 
ease. A general impression of the incidence of trichinosis may be 
obtained from the Annual Report of the Surgeon-General of the 
Public Health Service of the United States.- For example, an 
examination of 2000 diaphragms in and around Washington, D. C., 
showed that 17.1% were positive for trichinse. In a series com- 
prising material received from hospitals selected at random in vari- 
ous parts of the United States, 375 diaphragms were examined and 
18.8% were found to be positive for trichinse. It is interesting to 
note that of 98 diaphragms in a series of individuals who met death 
from accidents, 15.3% were positive for trichinae. In order to 
determine the distribution of trichinosis throughout the country as 
a whole, sections of diaphragms were obtained from states in which 
the disease had never been reported. From Arizona 24 diaphragms 
showed an incidence of 12.5%; of 77 diaphragms from New Hamp- 
shire, 16.9% were affected; and an examination of 26 diaphragms 
from Oklahoma disclosed the trichinella in 26.9%. At the Mil- 
waukee County Hospital 10 diaphragms were examined and the 
incidence was found to be 20%. 

These studies leave no doubt that trichinosis is much more preva- 
lent than it is usually thought to be. A general review of the 
work done on the subject shows that at postmortem examination 
about 1 individual in 6 has positive evidence of the disease. It 
may be concluded, then, that most patients who have had trichinosis 
either gave no clinical evidence of the disease or the signs and 
symptoms were misinterpreted and an erroneous diagnosis made. 
With a view of obtaining further data upon the question of tricli- 
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inosis in tliis vicinity we liave collected all the cases diagnosed 
clinically at this hospital for the past 8 years. 

Reports sueh as those given by Aldridge^ and CarlsoiR show that 
outbreaks of trichinosis occur in certain districts. In these epi- 
demics the cases appear to show the classic characteristics more 
definitely than the sporadically collected cases. The series of cases^ 
reported here were diagnosed from 138,060 patients entering the 
hospital from January 1, 1931, to January 1, 1939. In many 
instances the diagnosis had been made before entrance, but in 
others the condition had been mistaken for some other disease. 

The main clinical data of the series are included in Table 1. In 
the 23 cases presented here, the age incidence ranged frorn 17 to 
57 years. Only 2 patients were 50 years old or over. This is in 
distinct contrast to Pote’s” series. He reported that of 163 cases, 
32.2% were in the age group of 15 to 50 years, while 61.9% were 
over 50 years. In our series, 12 of the patients were males and 
11 were females; sex differences seemed to have no significance. 
The patients came from all walks of life; 2 were physicians, 1 a 
nurse, and most were laborers. Occupation had no importance, 
for a disregard of the danger of eating poorly prepared food does 
not characterize any particular class. In 14 cases there was a 
history of having eaten inadequately cooked pork, raw hamburger 
sandwiches or hamburgers obtained from stands along the road- 
side. A cursory glance at our table shows that most of the patients 
developed trichinosis during the warmer periods of the year when 
road-side stands are operated for the convenience of the motoring 
public. 

Marked leukocytosis occurred in all but 2 cases (Cases 3 and 18). 
Both of these patients recovered. Eosinophilia was definitely 
established in all but 1 (Case 2), and this patient died. The 
maximum eosinophilia was 73% (Case 16) and the minimum 4% 
(Case 2). An autopsy done in the latter case established the 
diagnosis of trichinosis. 

Trichinosis does not alwaj'^s present a uniform clinical picture. 
The forms showing the classic picture are recognized easily and 
prornptly while in the unusual types, such as those in which essen- 
tial internal organs are involved, diagnosis may be very difficult. 
Most of the cases reported here were of the common type and began 
with nausea, vomiting, abdominal distress and diarrhea which came 
ra within several hours after having eaten the questionable meat. 
Occasionallj^ these gastro-intestinal disturbances were lacking, and 
frequently they were attributed to some disorder entirely uncon- 
nected with trichinosis. Pain in the muscles and joints and swollen 
^ehds were by far the most outstanding clinical features noted, 
never was not marked in any case, and frequently it was com- 
pletely ^sent. Of the 23 cases reviewed here, 7 had few symp- 
toms, 6 had symptoms of a moderate degree of severity and in 10 
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the signs and symptoms were well developed and the patients were 
very sick. The conditions most commonly confused with trichinosis 
in this group of cases were sinus infection, influenza, rheumatic 
fever, la grippe and acute nephritis. In 3 cases a more serious 
diagnosis such as typhoid fever or tularemia was suspected. A 
diagnosis of acute nephritis was made before the true condition was 
recognized in 2 patients. The disease was identified in most cases 
when the high eosinophil count was found in association with the 
other features of trichinosis. When any doubt existed a muscle 
biopsy was done and the Bachman test was resorted to in a number 
of cases. 

Most of the patients were free of symptoms after 2 or 3 weeks. 
However, the course was more prolonged in several of the more 
severe cases. In 1 case, thrombophlebitis of the left femoral vein 
developed and the patient was confined to the hospital for several 
months. Of the 23 cases, 2 died and 21 recovered completely, a 
mortality rate of 8.6%. 

It did not appear to us that the treatment after entrance to the 
hospital had much influence upon the course of the disease. When 
the larvae become encysted in the muscles or organs of the body 
very little can be accomplished in a specific way in treatment. We 
were impressed with the fact, however, that the individuals seen 
in the earlier stages by a physician who was thoughtful enough to 
clean out the gastro-intestinal tract had a milder course and recov- 
ered more promptI5^ Anthelmintic measures such as male-fern and 
santonin were employed in some of our cases without much effect. 
Copious amounts of fluid and a highly nutritious diet were given. 
Palliative measures such as sedatives and acetyl salicjdic acid were 
used for the relief of pain and headache. In some cases intravenous 
injections of calcium gluconate, mercurochrome and gentian violet 
were employed, but the value of these therapeutic procedures seemed 
very doubtful to us. Fantus'^ recommends a preliminary purge 
with mercurous chloride (0.2 gm.) followed in 8 hours by a dose of 
magnesium sulphate. He repeats this treatment several days in 
succession in order to sweep out the worms that have not invaded 
the submucosa. Good results were reported by Grove^^ who used 
antimony and potassium tartrate in a 2% solution intravenously. 
Our clinical experience from the therapeutic standpoint coincides 
with the experimental work done by Miller, McCoy and Bradford^® 
who tested the efficacy of many of these intravenous treatments 
experimentally. They concluded that no demonstrable therapeutic 
effect was obtained. On the basis of their work they questioned the 
rationale of intravenous injections of such substances as gentian 
violet, antimony, potassium tartrate, neoarsphenamine, metaphen 
and iodine. 

Discussion. It is generally agreed that the high incidence of 
trichinosis observed at autopsy is not reflected clinically. As Pote*^ 
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aptly points out, a study of each of his 163 positive cases revealed 
that infestation did not seriously affect the health of the individual 
or the course of the terminal sickness. However, from our own 
series of cases and from a study of the literature there can be no 
doubt that in some instances trichinosis is a grave clinical condition 
that may cause weeks of disability or even death. 

From the data published by Hall and Collins^’ it is apparent that 
measures used to control trichinosis during the past 50 years have 
failed. There is no microscopic inspection of pork in this country, 
and fresh pork or pork products to he eaten after cooking by the 
consumer are not processed. As pointed out by Hall the govern- 
ment inspects only about 70% of the meat sold. In packing houses 
operated under Federal supervision all pork products that are to 
be used without cooking are processed to kill the trichina, but 
about 50% of the pork goes to the consumer in raw state. Lack 
of proper processing is considered to be a fertile source of trichinosis,^ 
and another common cause is pork products prepared without 
supervision in small local slaughter houses or on farms. Since the 
United States government long ago gave up attempts to eliminate 
trichinosis by microscopic examination of pork, considerable meat 
has been marketed in this country without any inspection whatever. 
Fresh pork sausage, smoked hams and shoulders, bacon and such 
products as smoked sausage, boneless loins, and coppa should be 
cooked until they are well done throughout before consumption. 
Thirty minutes to the pound is an approximate guide to sufficient 
cooking for large, thick cuts of pork. Pork products of the sort 
customarily eaten without cooking by the consumer, largely various 
kinds of dry or summer sausage are entirely safe to eat without 
cooking if prepared under Federal or other competent inspection. 
The pork used in such products is especially processed by cooking, 
freezing or curing to destroy any trichinse that may be present. 

Until recent years no steps were taken to solve the problem of 
trichinosis, but the latest work of Hall and his associates seems to 
have laid a foundation for subsequent control. A summary of the 
problem may be taken from Hall’s last report.^®" Human trichinosis 
rests, he states, upon the basis of swine trichinosis and swine 
trichinosis rests primarily upon uncooked pork scraps in garbage, 
table scraps and swill, the rat having only a minor and not definitely 
ascertained role in swine trichinosis. He insists that the basic solu- 
tion of the problem lies in keeping raw and inadequately cooked 
pork scraps out of the feed of swine. His suggestion for the control 
of trichinosis calls for improvement in methods of raising swine, 
these improvements to be specified by the packers as requirements 
to be met by swine growers before their products can be marketed. 
The elimination of the dangerous practice of feeding raw or inade- 
quately cooked pork scraps to sudne would play an important role 
in the control of trichinosis. He warns that useless publicity or ill- 
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advised legislation are not the correct control measures for trichino- 
sis and that the packer and swine grower should be called upon to 
cooperate in the solution of the problem. 

Etiology.^ The trichinella spiralis, the parasite which causes the 
disease, exists in an encysted form in the muscles of the rat, pig, 
wild boar, dog, fox, bear and badger. Lower animals are the 
normal hosts for the organisms; human infection is accidental. 
When a human being ingests trichinous meat, the cyst wall is 
digested in the stomach and the worms pass actively into the small 
intestine where they reach maturity in about 3 days. The females 
are fertilized, and on about the seventh day they burrow into the 
mucosa of the intestine, allowing embryos to escape into the tissues 
and lymph spaces. It is not definitely known how the embryos get 
from the intestinal wall to the muscles, but it is probable that they 
pass through the lung into the general circulation because of the 
^fact that they are smaller than a red blood cell. By the tenth day 
the embryos are usually found in the muscles where they grow to 
maturity, often becoming as large as 1 mm. in length. They coil 
up and become completely encysted by the twelfth week and may 
live in this state for 20 or 30 years. When the meat containing 
these cysts is eaten the cycle is started again. There is little chance 
for further development once the embryos become encysted in the 
muscles of a human being. It is only among lower animals that the 
worms develop from generation to generation. 

Infection with the trichinella spiralis is common in hogs through- 
out the world. Ransom^® tabulated the results of the United States 
Government trichina inspection of over 8,000,000 hogs exported 
during 9 years between 1898 and 1906. Living trichinsB were found 
in 1.41% and in addition 1.16% contained trichina-like bodies or 
disintegrating trichime. In other words, 1 out of every 79 hogs 
was infected, or, if dead and trichina-like bodies are included, 1 out 
of every 39 hogs. Blumer®“ states that 6% of American hogs have 
the disease, and Halfi®® estimates the incidence at 1 to 2%. The 
parasite is most prevalent among garbage-fed hogs, between 4 and 
5% being infected. The fallacy in the idea that, since Federal 
examination of millions of hogs showed a trichina incidence of only 
about 2%, the danger of infection is slight, is pointed out by Riley 
and Scheifley.®® The average found in millions of examinations is 
not applicable to any given community since there might be practi- 
cally no infected animals or almost any ratio might exist, depending 
on local or temporary conditions. 

Course and Diagnosis. Unlike many infectious diseases, the 
amount of infected material ingested determines the severity of the 
sjmiptoms in trichinosis. If the meat is only slightly infested, large 
quantities must be eaten to produce ill effects, and the meat must 
be heavily infected if severe trichinosis is to follow the ingestion of 
small amounts. This fact was first pointed out by Ransom.®® 
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A note written on December 22, 1897, by Osier on a case- of 
tricbinosis in the Johns Hopkins Hospital, reported by Thayer, 
describes the classic picture; “The face and eyelids are puffy, the 
face suffused and red, the tongue clean, the arms and hands much 
suffused— the latter being cyanotic, they are closed with difficulty 
as they are so stiff. The feet and arms are considerably swollen, 
particularly over the backs and wrists where they are puffy. The 
swelling of the arms is actually in the muscles which are sore; there 
is distinct soreness of the trunk. The feet are livid, the legs still 
and cold, the muscles of the calves are not particularly swollen, not 
very tender.” 

According to Ransom,*® trichinosis is difficult to diagnose and 
an important characteristic of the disease, whether mild or severe, 
is the lack of regularity in its course. Halh®“ states that no adequate 
clinical picture of trichinosis is available and that the effects pro- 
duced by the worm will be conditioned by the following factors; 
1, the number of worms present; 2, the size of the patient; 3, the 
tissues invaded; and 4, the physical condition, resistance and con- 
comitant pathologic conditions in the individual attacked by the 
parasite. When considered from this point of view trichinosis 
becomes a highly complicated and little studied disease. The 
onset varies considerably as pointed out by Blumer.®'* In one group 
of patients, gastro-intestinal symptoms appear within a few hours 
after the ingestion of infected meat and may continue until manifes- 
tations of the invasion of the body by the young parasites appear. 
In another group of patients there is no immediate effect, but after 
an interval of 6 to 14 days symptoms associated with the dissemina- 
tion of the larvse through the blood stream occur. This difference 
in the onset has not been explained, but it is possible that it is due 
to variation in dosage. 

When the infection is severe the disease can be divided into 
three stages; 

1. The stage of intestinal infestation— the symptoms are referable 
to the gastro-intestinal tract and usually begin within a few hours 
after ingestion of infected meat. Nausea, vomiting, diarrhea and 
abdominal cramps are usually present and the temperature rises 
gradually. There is considerable prostration with pain'and stiffness 
in the muscles. 

2. The stage -of dissemination— the embryos usually enter the 
blood and lymph stream about the end of the first week. Edema 
of the face and eyelids is common at this period, but its mechanism 
is not clearly understood. Fever and profuse sweating are often 
present. The muscles, especially those of respiration, mastication 
and the eye, are painful and their function is disturbed. Bronchitis 
may be present and the patient is inclined to be apathetic and 
prostrated. 

3. The stage of encystment— about the end of the sixth week the 



Table 1. — Clinical Data on 23 Cases of Trichinosis. 
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embryos become encysted in the muscles. At this time the symp- 
toms become less severe and the temperature gradually returns to 
normal. The patient is anemic and emaciated and the edema sub- 
sides gradually. This late edema is probably due to renal involve- 
ment and cachexia. The muscular pains and weakness may persist 
for several months. 

Early in the disease there is a marked increase in the percentage 
of red blood cells and a moderate increase in the percentage of 
hemoglobin. Later anemia develops, the number of red cells falling 
• as low as 2,500,000 per c.mm. and the hemoglobin as low as 45%. 
Leukocytosis, usually about 25,000 white blood cells per c.mm., is 
often found. When the embryos invade the tissues, the eosinophils 
increase to 15 to 30% or more; in 1 of our cases an eosinophilia of 
73% was found. 

Beside these manifestations which constitute the clinical picture 
of the typical case of trichinosis, other less common signs and 
symptoms have been reported. General fatigue, generalized edema, 
cough, headache, chills, furuncles and hoarseness were found in the 
cases of McDonald and Waddell.-^ In the more severe eases, 
Cheney® and Carlson'^ noted a marked hypotension. The heart in 
patients with trichinosis has been studied and both clinical and 
electrocardiographic evidences of various degrees of temporary myo- 
cardial involvement were reported by Spink,®®“ Cushing” and 
Beecher and Amidon.® The spleen may be palpable and this con- 
dition may persist for several months according to Reifenstein, 
Allen and Allen.®® 

Conner'® describes some of the deviations from the usual clinical 
picture of the disease that may be seen. Some cases may run an 
afebrile course. The characteristic eosinophilia may be lacking 
throughout the whole course or for the first few weeks of the disease. 
Occasionally a positive Widal reaction makes the differentiation 
from tjrphoid fever difficult. A few cases resemble acute nephritis 
or meningitis, and at times there may be alarming throat symptoms 
or a frontal sinusitis. In a small percentage of cases epigastric pain 
is the chief or only symptom. 

Frequently trichinosis is complicated by the involvement of 
various organs. Ocular manifestations, such as chemosis, exoph- 
thalmos, conjunctival ecchymosis, mydriasis ’ and retinal hemor- 
rhage were described by Carter.® Neurologic and mental symptoms 
were present in some of the patients reported by Merritt and Rosen- 
baum®' and Most and Abeles.®® Herrick'® and Kilduffe, Barbash 
and Merendino®' noted instances of femoral phlebitis and femoral 
thrombosis, and pneumonia occurred in several cases cited by 
McDonald and Waddell.®® 

Special Diagnostic Aids. In 1928, Bachman demonstrated pre- 
cipitins in the serum of individuals infected with the Tricliinella 
spiralis'® and also noted that a specific local skin reaction followed 
the injection of tricliinella protein.'®-' He concluded that as an aid 
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in diagnosis the skin reaction is easy and more practical than the 
precipitin test, since typical skin reactions appear 20 to 30 days 
before precipitins are demonstrable in the blood stream. Some 
investigators (McCoy, Miller and Friedlander,^^ Kilduffe,^® Spink 
and Augustine,^^ Heathmani®) h^ve found that these special diag- 
nostic aids are not entirely reliable and that the presence of eosino- 
philia and muscle biopsy are more practical and valuable. ^ How- 
ever, in ruling out trichinosis and detecting mild, sporadic and 
atypical cases the Bachman skin test may be a valuable aid (Fried- 
lander,!^ Spink and Augustine,^* Spink,®^'’ Augustine®) HalP® re- 
ported 8 cases of trichinosis all of which gave a positive reaction 
to the intradermal, and Blumer,®“ Vener and Stevens®® and Schapiro, 
Crosby and Sickler®® have all found that positive reaction occurs 
early in the disease. Our experience has been that the blood counts, 
muscle biopsy and skin test are all of value as diagnostic aids. 

Summary. The following points summarize the safeguards that 
we believe should be used for the .control of trichinosis: 

1. Individuals by their food habits expose themselves to the 
disease and the public should, therefore, be informed of the danger 
of trichinosis. They should be taught emphatically that insuffi- 
ciently cooked food containing any pork is dangerous. The con- 
sumer must be brought to realize that he is, in the last analysis, 
responsible for getting trichinosis. 

2. As Pote” points out, the least likely source of the parasite is 
pork products prepared under Federal and adequate municipal 
supervision. We agree with his theory that it is the unprocessed 
pork products, especially summer sausage, prepared without super- 
vision in small local slaughter houses or on farms, that frequently 
cause trichinosis. The jurisdiction of public health organizations 
should be made to include these sources of pork products. 

3. The packer and swine grower, as pointed out by Hall,^®® 
have it within their power and should be given the responsibility 
of setting up safeguards against the consumption of infested pork, 
particularly by excluding the hog which is fed uncooked pork scraps. 

4. The medical profession should keep in mind the possibility 
of the disease when unusual cases of “flu” or “grippe” do not 
respond readily to treatment. If the physician suspects the disease 
the diagnosis usually will be made readily. All cases should be 
reported to the Health Department and attempts made to discover 
the source of the parasite. 

Finally, we should like to emphasize that while the immediate 
responsibility for contracting trichinosis rests upon the consumer, 
the United States Public Health service should assume the chief 
role in protecting the public from this disease. 
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STUDIES WITH THE AGAR CUP- PLATE METHOD, 
n. The Effect of Blood on Mercury Antiseptics. 
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Although mercury compounds yield remarkably high phenol 
coefficients (Thomas;^® Birkhaug^'’), it is well known that they are 
influenced markedly by protein (Abbott Smith, Czarnetzky and 
Mudd;^- and others). Therefore a high phenol coefficient for a 
given mercurial does not presuppose comparable effectiveness in 
the presence of blood. On the contrary, as will be shown, such 
data maj’ be meaningless and even misleading. 

The high antiseptic values of organic mercurials has stimulated 
the study of these substances in the intravenous treatment of experi- 
mental and clinical bacteremias. However, such investigations 
have yielded conflicting data. For example, Raiziss, Severac, and 
Moetsch® reported favorable results when metaphen was used for 
the treatment of artificial Staph, aureus bacteremia in rabbits. 
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Similarly, Lambert® obtained encouraging results with the use of 
merthiolate in clinical tuberculosis, and Barthelme found a lowered 
mortality rate in tularemia when patients were treated intra- 
venously with metaphen. On the other hand, Douglas and Birk- 



Chart 1. — Zone in millimeters produced by 1 to 1000 dilution of mercurial anti- 
septics in varying concentrations of blood. As the blood concentration increases, the 
size of the zone of inhibition for Staph, aureus decreases. The relative potency of the 
four mercurials is evident. 


liaug® found that metaphen accelerated a fatal issue in experimental 
bacteremia with pneumococcus Type I, and Cummins,^ Mallick, 
Ali and Singh^ failed to obtain favorable results in the treatment 
of clinical tuberculosis with intravenous merthiolate medication. 
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The discrepancy between the known potency of mercurials as 
determined by the phenol coefficient method and their disputed 
potency in vivo appears to be associated with the blood factor 
(Simmons Birkhaug®“). Therefore, it is clear that the limits 
of activity of mercury compounds in the presence of whole blood 
should be determined before the use of these substances receives 
further serious consideration in intravenous cliemotherapy. Our 
experiment was planned to study such limiting values. 

Technique. A standardized agar cup-plate method (Rose and Miller*") 
was employed. The test organism was a stock culture of Staph, aureus 
(WPS strain), grown in broth for 18 to 20 hours, standardized to 1 billion 
organisms per cc., and used in the ratio of 0.1 cc. to each 30 cc. volume of 
agar. The basal medium was 3% beef extract agar, pH 6.8; this was 
mixed with equal volumes of either defibrinated horse blood* or horse 
blood-saline dilutions to make an agar concentration of 1.5%. Blood agar 
plates with the following blood content were prepared : 1 %, 3 %, 5 %, 10 %, 
25%, and 50%. When the medium hardened, cups were made by remov- 
ing discs of agar 1.5 cm. in diameter. Aqueous 1 to 1000 dilutions of mer- 
curochrome, metaphen, merthiolate,t and mercury bichloride were pre- 
pared. A 1 to 500 aqueous solution of metaphen was used as a stock solu- 
tion because the powder was not available. All dilutions of the other 
mercurials were made by dissolving accurately weighed powder in double 
distilled water. Each antiseptic in 0.2 cc. amounts was placed in cups 
of the various blood agar media. After 24 hours’ incubation at 37° C., 
the zone of inliibition of bacterial growth was measured and recorded in 
millimeters. The log of the blood concentration (ordinate) was plotted 
against the zone size (abscissa). The results of the experiment are shovm 
in Chart 1. 

The four antiseptics used showed a decreasing effectiveness in the 
following order: merthiolate, mercury bichloride, metaphen, mer- 
curochrome. The variation in antibacterial properties is evident 
from the figure. As the blood concentration rose all compounds 
showed a diminishing activity. At the 25% blood level, metaphen 
and mercurochrome were approaching a zero value. Similarly, the 
activity of mercury bichloride was extinguished somewhat below 
the 50% blood level, while the antiseptic properties of merthiolate 
were still in evidence when half the medium consisted of blood. 
The zone of inhibition of bacterial growth at any blood level may be 
determined^: for a given dilution of each mercury antiseptic by 
applying the general formula (“Law of Organic Growth”), C = 
Ke-*”*. 

C, concentration of blood in per cent; K, a constant for each antiseptic having 
the value of C when the zone is zero; e, base Napierian log; m, coefficient of 
inactivation of the antiseptic: z, zone in millimeters. 

* Obtained through the courtesy of the Mulford Laboratories, Sharp and Dohme, 
Glenolden, Pa. 

t Obtained through the kindness of the Eli Lilly Co., Indianapolis, Indiana. 

t We are indebted to Mr. Charles Robb for his invaluable help in the mathematical 
analysis of the data. 
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The application of the formula may be illustrated as follows: 
Let us assume that the zone size in 2% blood is desired for a 1 to 
1000 dilution of mercurochroine. For mercurochrome, iv — 24 . 00 ; 
m = 0.875. 

Ke'Tnz 
24.55e““-“" 

log 24.55 - (0.875)z log e 
log 24.55 — (0.875) (0.4343)z 
log 24.55 — log C 
0.38 

To determine z when the blood concentration is 2%: 

log 24.55 — log 2 
“ 0.38 

1.390 - 0.301 
0.38 

= 2.8 mm. 

Comment. Our experiments show that organic and inorganic mer- 
cury compounds follow a similar pattern of inactivation by blood. 
The fact that a single mathematical formula applied equally well in 
all cases lends support to the validity of the data. 

No attempt was made to establish the usefulness of mercurials 
on intact skin surfaces. However, if the skin is broken and blood is 
present in a wound, the antiseptic value of these substances may be 
questioned on the basis of our data. 

The usual procedure for testing antiseptic potency has been the 
phenol coefficient technique. However, the data obtained by this 
method have been inferentially misleading and have' encouraged 
intravenous mercurial chemotherapy. It is clear that mercury 
compounds should be appraised under circumstances which simu- 
late their application in clinical conditions. The implications con- 
cerning the intravenous use of mercurials is obvious. 

Studies dealing with the influence of agar -per se on zone size 
(Miller and Rose^“) and the correlation of agar cup-plate data with 
an antiseptic-dilution testmg procedure (Miller and Rose®*') will be 
presented in separate communications. 

Summary and Conclusions. Using a standardized agar cup-plate 
technique, 4 mercury antiseptics (mercury bichloride, mercuro- 
chrome, metaphen, and merthiolate) were studied in horse blood- 
agar mixtures. The blood content of the test media varied from 
1 to 50%. The test organism was Staph, aurem (WP3 strain). 

All 4 mercury compounds showed a diminishing antiseptic effec- 
tiveness as the blood concentration was increased. The inactivation 
of the mercurials was expressed by the general formula, C = Ke~™*. 
The limits of activity of the mercurials indicated that these sub- 
stances had no antiseptic properties at certain critical blood levels. 
The in vitro experimental data suggested that mercury compounds 
could have no value in intravenous therapy. 


C = 
log C = 

or z = 
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A NEW DIAGNOSTIC TEST (GALACTOSE) FOR THYROID 

DISEASE.*! 

By T. L. Althausen, M.D., 

ASSOCIATE nnoFESsoR of medicine, 

J. C. Lockhart, M.D., 

assistant in medicine, 

AND 

M. H. SoLEY, M.D., 

ASSISTANT PROFESSOR OF MEDICINE AND PHARMACOLOGY, 

SAN FRANCISCO, CALIF. 

(From the Department of Medicine, University of California Medical School.) 

Tw^O years ago we reported finding a consistent reduction of “ tol- 
erance” to galactose in a group of 26 patients with hjTierthyroidism.- 
This lead was followed by an experimental investigation to discover 
the cause of this phenomenon, and a clinical study of a larger series 
of patients to determine whether the galactose tolerance test would 
be useful in the diagnosis of disorders of tbe thyroid gland. 

This investigation^ showed that in rats experimental hj'perthy- 
roidism caused increased intestinal absorption of sugars, which 
probably is responsible for tbe abnormally high values obtained for 
galactose and for glucose in the blood of patients with hyperthjToid- 
ism following tolerance tests Avith these sugars. Thyroidectomy in 
rats Avas found to result in decreased absorption of glucose, which 
offered a more rational explanation than increased utilization of 
sugar for the low glucose tolerance curves characteristic of patients 
with mjTcedema. Evidence was obtained to indicate that increased 
absorption of sugars Avas probably due to stimulation of phosphoryla- 
tion in the intestinal mucosa by thyroxin. 

* Road before the Annual Meeting of the Association for tbe Study of Goiter at 
Cincinnati, May 22-24, 1939. 

t Aided by a grant from the Christine Breon Fund for Medical Research. 
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In the present paper we are reporting our clinical experiences 
with the galactose tolerance test in 130 patients with hyperthyroid- 
ism, 121 individuals without hyperactivity of the thyroid gland and 
7 patients with mjrxedema. 

Technique of the Test. Forty grams of .galactose (Pfanstiehl) dissolved 
in 400 cc. of water and flavored with lemon juice were administered by 
mouth after the patient had fasted over night. Specimens of blood were 
obtained from the cubital vein before, and 5, 15, 30, 60 and 120 minutes* after 
administration of galactose. 

The glucose fraction of the blood was removed by fermentaton with 
ordinary yeast according to the method of SomogyP as modified by Eay- 
mond and Blanco.® 

Preparation of Yeast. A weighed amount of fresh commercial yeast 
(Fleishman's) is suspended in 5 to 10 parts of water, centrifuged, and 
decanted. This is repeated until the supernatant liquid is clear and color- 
less and gives no reduction test (6 to 7 washings). The yeast is then sus- 
pended in 10 parts of water. In this condition, it will keep well in a refrig- 
erator for about 2 weeks. 

Use of the Hagedorn-J ensen Method-; Two-tenths cubic centimeters of 
blood is collected into an accurately calibrated pipette (we use 0.2 _ml. in 
0.001 ml. Kahn pipette No. 37036) ; and transferred to 2.3 cc. of distilled 
water, rinsing the pipette once or twice with the solution. One cubic 
centimeter of the 10% yeast suspension is then added, the_ contents mixed 
by tapping the tube against the hand, and after 4 or 5 minutes 0.6 cc. of 
tungstic acid solution (prepared freshly by mixing equal volumes of 10% 
Na 2 WoO and 2/3 N H2SO4) is added. The test tube is covered with the 
thumb and the contents are mixed quickly by inverting. After standing a 
few minutes, the mixture is centrifuged at high speed. One cubic centi- 
meter of the clear filtrate is used for titration. 

Use of the Folin-Wu Method. The yeast is washed in the usual manner 
and a 20 % yeast suspension is prepared. To 2 cc. of oxalated blood, 14 cc. 
of the yeast suspension and 4 cc. of the tungstic acid solution are added. 
This mixture is filtered, and 2 cc. portions of the filtrate are used for 
sugar determinations. 

The figure for non-fennentable reducing substances in the fasting blood 
is subtracted from the corresponding figure in the remaining specimens to 
obtain the galactose content of the Wood titrated as glucose. In order to 
obtain the true value for galactose, which has a lower reducing power than 
glucose, 24% must be added to the last figure. 

Galactose is used in this test because, while having a rate of absorption 
very snnilar to that of glucose, it has the advantage that, unlike glucose, 
it can be identified in the blood. 

Results. Norjial Subjects and Patients Without Hyper- 
thyroidism. In 10 normal volunteers, blood galactose curves for 
2-hour periods were obtained. The composite curve of the results 
is shown in Figure 1. It reaches a maximum of 19 mg.% at the 
end of 60 minutes. The peaks of the individual curves ranged 
between 13 and 31 mg. per 100 cc. and were found to occur in approx- 
imately one-half the patients in the 30-minute specimen, and in the 
other one-half in the 60-minute specimen. In the 5-minute specimen, 

* At present we consider the 15- and 120-niinute specimens unnecessary, and the 
5-minute specimen relatively unimportant except when the test is repeated on 
account of borderline results. 
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galactose in very small amounts (up to 4 mg. per 100 cc.) was present 
in only 2 instances. At the end of 2 hours, galactose in small 
amounts was present in the blood only exceptionally. 

The galactose tolerance test was used also in 87 patients suffering 
from diseases other than hyperthyroidism or myxedema (Fig. 1). 

Almost all of the patients with the following diseases were found 
to have normal or low galactose tolerance curves ; diabetes mellitus, 
Addison’s disease, acromegaly (in the late stages), Cushing’s disease, 
osteitis fibrosa cystica, spontaneous hypoglycemia, congestive heart 
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Eig. 1. — Average galactose tolerance curves of 10 normal individuals (narrow line), 
87 patients without hyperthyroidism or myxedema (wide line), and 130 patients 
with clinical hyperthyroidism (broken line). 

failure, vascular hypertension, secondary anemia, peptic ulcer, car- 
cinoma of the stomach, idiopathic ulcerative colitis, rheumatoid 
arthritis, osteosarcoma, syphilis, pellagra, anorexia nervosa, diar- 
rhea, intestinal hypermotility and menopause. 

In a single case of each of the following conditions there was an 
abnormally high galactose curve in the blood; diabetes mellitus,* 
congenital syphilis with chronic mastitis, hyperinsulinism, intract- 
able gastric ulcer of long standing, intestinal hj^ermotility, Cush- 
ing’s disease and prolonged fever of unknown origin. 

The distribution of the peaks of the galactose curve in normal 
subjects and in patients without hyperthyroidism is shown in 
Figure 2. 

Hy’peethy'EOIDISJI. The galactose tolerance test was given to 
130 patients with clinical sjunptoms and signs of hyperthyroidism; 

* One case out of IS. 
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in all cases the diagnosis was made by the Thyroid Committee. of 
the University of California Hospital.* In difficult cases, the final 
diagnosis w^as made only after periods of observation and treatment 
that lasted for weeks or months. 

The composite curve of the galactose tolerance test in our cases 
of hyperthyroidism is given in Figure 1 . It reaches a maximum of 68 
mg. per 100 cc. in the 60-minute specimens. The peaks of individual 
curves varied from 25 to 152 mg. per 100 cc. (Fig. 2). As in the case 
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Fig. 2.— Distribution of the maximal galactose values in the blood of 87 patients 
without hyperthyroidism or my.xedema (solid line), and of 130 patients with hyper- 
thyroidism (broken line). 


of normal subjects, about one-half of the peaks occurred in the 30- 
and one-half^ in the 60-minute specimens. Most patients with 
hyperthyroidism had some galactose in the 5-minute specimen of 
blood, and in one-half of the cases the amount was between 9 and 
20 mg. per 100 cc. At the end of 2 hours, galactose was seldom found 
m the blood. The distribution of the readings of the basal metabolic 
rates in patients of this group is given in Figure 3. When several 
basal metabolic rate estimations were obtained on the same patient, 
the test most nearly concurrent with the galactose tolerance test 
was chosen. 

Effects of Thyroidectomy. In 22 cases, the galactose toler- 
ance test -was repeated after thyroidectomy. (See Fig. 4.) In 
these 22 cases, 18 of the curves returned to normal range after 
operation, 2 were lower than the corresponding preoperative curve 


and Weekly conferences, consists of a group of internists 

thyroid gl3. '^ radiologist, who are making a special study of diseases of the 
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but remained within the pathologic range, and 2 were unchanged 
at the time of discharge from the hospital. Of these last 2 patients, 
1 had had a preoperative basal metabolic rate of '21%+, which 
was reduced by the operation only to 14%+. 



-10 0 10 20 30 40 60 60 70 80 90 % B.M.R. 

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 mg. 

% galactose 

Fig. 3. — Distribution of the B.M.R. (solid line) and the maximal galactose values in 
the blood of 130 patients with clinical hyperthyroidism (broken line) ] 
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Fig. 4. — Average galactose tolerance curves of 22 patients who had thyroidec- 
tomy for hyperthyroidism before (broken line) and after operation (broken line 
with discs). 
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Myxedema. Six patients with spontaneous myxedema and basal ' 
metabolic rates ranging between 19 and 33% had galactose toler- 
ance curves with peaks from 3 to 11 mg. per 100 cc. One patient 
with postoperative myxedema and a basal metabolic rate of 27%— 
was found to have no galactose in the blood during the galactose 
tolerance test. 

Conditions Clinically Simulating Hyperthyroidism With 
Normal Galactose Tolerance. In this classification, we were 
interested in three conditions: 

1. Anxiety With Hyperventilation. The basal metabolic rates of 
8 patients in this group were elevated to between 22 and 36%-!-. 
The maximum galactose content of their blood was between 18 and 
35 mg. per 100 cc.. Of 13 other patients with anxiety states that 
clinically suggested hyperthyroidism but had basal metabolic rates 
under 16%-!-, 11 had peaks of the galactose curve between 9 and 30 
mg. per 100 cc., 2 had peaks of 46 and 49 mg. per 100 cc. respectively. 

2. Diseases of the Heart With Increased Basal Metabolic Rate Esti- 
mations. Four patients with cardiac lesions who had basal meta- 
bolic rates between 24 and 32%+ were referred to us with the 
diagnosis of hyperthyroidism. The peaks of the galactose curves 
in these patients were between 9 and 36 mg. per 100 cc. 

3. Diseases of the Thyroid Gland Other Than Hyperthyroidism. 
Three patients with non-toxic adenoma of the thyroid had a maxi- 
mal galactose content of the blood between 11 and 24 mg. per 100 cc. 
Two patients with Hashimoto’s struma and basal metabolic rates of 
9%+ and 44%+ had the peak of the galactose curve at 4 and 
and 33 mg. per 100 cc. respectively. 

Diseases Other Than Hyperthyroidism With Abnormal 
Galactose Tolerance. 1. Diseases of the Inver. In 11 patients 
with deep jaundice due to parenchymatous diseases of the liver, 
we found a true impairment of tolerance to galactose as shown by 
the rate of disappearance of galactose injected intravenously. 
Therefore high blood galactose curves after oral tolerance tests with 
this sugar may be expected in cases of marked functional insuffi- 
ciency of the liver. This actually occurred in several patients in 
whom the oral galactose tolerance test was done to test this assump- 
tion. A separate report will deal with our work on galactose 
tolerance in patients with hepatic diseases. 

2. P aget’s Disease. ^ Fifteen of 18 patients with this condition 
were found to have higher than normal galactose tolerance curves, 
apparently due to increased intestinal absorption. Our data on 
patients with Paget’s disease will be published in another paper. 

The results of galactose tolerance tests on patients with hepatic 
involvement and with Paget’s disease are not included in Figures 1 
and 2. 

Repetition of the Galactose Tolerance Test. In 1 0 patients 
with or without hyperthyroidism, the galactose tolerance test was 
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repeated in order to determine the degree of uniformity of the 
resulting curves. In 1 case the difference between the peaks of 
successive tests was 40 mg.,* in another 21 mg., in 2 cases 9 mg. and 
in 6, 3 mg. or less. 

Intravenous Administration of Galactose. It was impor- 
tant to determine whether inability to utilize galactose due to 
hepatic insufficiency played a part in producing the abnormally 
high galactose tolerance curves in our patients with hyperthyroid- 
ism. For this purpose, 10 patients with hyperthyroidism, who had 
very high maximal blood galactose values averaging 87 mg. per 100 
cc. after the oral test, were given 40 gm. of galactose intravenously. 
Then the rate of disappearance of galactose from the blood was deter- 
mined and compared with that of 10 normal subjects and of 11 
patients with parenchymatous diseases of the liver. This compari- 
son showed that in patients with hyperthyroidism tested by the 
intravenous method, the utilization of galactose was within normal 
limits. 

One patient with myxedema and a maximal blood galactose 
value of 3 mg. per 100 cc. had an abnormally prolonged galactose 
curve in the blood following intravenous administration of this sugar. 

Comment. From the distribution of the peaks of the galactose 
curves in subjects with and without hjT^erthyroidism (Fig. 2), it is 
seen that in round figures, the normal range for the maximal con- 
centration of galactose in the blood under the conditions of our 
test is between 10 and 30 mg. per 100 cc. A peak between 30 and 
40 mg. per 100 cc. in the galactose tolerance curve lies in the 
doubtful range. Values exceeding 40 mg. per 100 cc. for galactose 
in the blood are abnormal. So also are maximal values below 10 
mg. per 100 cc. Repetition of the test in the same person usually 
gives fairly uniform maximal values. When these criteria were 
applied to our group of 130 patients with hyperthyroidism, the 
galactose tolerance test was positive in 124 cases, doubtful in 5 
and negative in 1. In a group of 87 patients with conditions other 
than hjTperthyroidism, proven hepatic insufficiency, or Paget’s dis- 
ease, the outcome of the test was positive in 7 instances, doubtful 
in 10 and negative in 70. In 4 of the 7 patients with a positive out- 
come of the test, involvement of the liver was suspected. The 
galactose tolerance curve was abnormally low in 6 out of 7 patients 
with mjrxedema, and barely within the lower limit of normal in 1. 

In the normal state, little if any galactose is found in the 5-minute 
specimen. In hj^ierthyroidism, increased intestinal absorption of 
sugars is expressed not only by a high peak of the galactose curve 
but also, in about one-half of the cases, by a premature appearance 
in the blood of considerable amounts of galactose. Therefore the 
finding of 10 mg. per 100 cc. or more of galactose in the 5-minute 

* This -was in a patient with hyperthyroidism who in 2 tests had peaks of 90 
and 50 mg. per 100 cc. but was treated with LugoTs solution between the tests. 
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specimen is an additional criterion in favor of the diagnosis of hyper- 
thyroidism. This criterion is naturally most useful in instances where 
the peak of the galactose curve is in the doubtful zone. 

A comparison in hyperthyroid patients of the results of the 
galactose tolerance test with their basal metabolic rates* shows that 
no close quantitative correlation between the two exists, although 
usually patients with very high basal metabolic rates also have very 
high values for galactose in the blood. The reason for such a lack 
of correlation is not clear. Administration of a standard amount 
of galactose regardless of body weight probably does not explain 
it, because 40 gm. galactose exceed the capacity for intestinal 
absorption during the period of the test. Moreover, the correlation 
was no greater when the two tests were compared in groups of 
patients classified according to weight. Probably the best explana- 
tion is that elevation of the basal metabolic rate and stimulation 
of absorption are relatively independent effects of thyroxin which 
occur to varying degree in different patients. This possibility is 
also suggested by our experimental data’^ showing that an increase 
in basal metabolism produced by administration of alpha-dinitro- 
phenol or by overheating had no stimulating effect on the intestinal 
absorption of glucose. 

The well-known occurrence of true hyperthyroidism without 
elevation of the basal metabolic rate is also in favor of this con- 
ception. An interesting example of this condition was encountered 
during the present study. Mr. H., aged 42, entered with a clinical 
picture typical of Graves’ disease, but by repeated estimations his 
basal metabolic rate was found to be between 5 and 10%—. A 
galactose tolerance test showed 10 mg. per 100 cc. of this sugar in the 5- 
minute specimen and 55 mg. per 100 cc. at the peak of the curve. After 
much debate in the Thyroid Committee, the patient was subjected 
to a subtotal thyroidectomy. Microscopic examination of the 
thyroid gland showed characteristic hjqierplasia. Following opera- 
tion the patient lost his symptoms and signs indicative of hyper- 
thyroidism. A repetition of the galactose tolerance test showed no 
galactose in the 5-minute specimen and a maximum of 21 mg. per 
100 cc.^ of galactose in the blood. Several basal metabolic rate 
determinations averaged only about 5% lower than before operation. 

In comparing the clinical value of the galactose tolerance test 
with that of the basal metabolic rate, it appears that among patients 
with definite clinical hyperthyroidism doubtful resultsf are encoun- 
tered somewhat less frequently with the galactose tolerance test 
(Fig. 3). This is probably due to the fact that the intestinal 
absorption of sugars is more sensitive to the influence of a small 

* In tliis study, th.G basal metabolic rates were estimated for S-minute periods by 
'witli the Benedict-Roth apparatus and the use of the nose clip, 
T Defined for the galactose tolerance test as under 40 mg. per 100 cc. and for 
the basal metabolic rate as under 10% plus. 
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excess of circulating thyroxin than is the basal metabolism. At 
least Russelh in a study undertaken at our suggestion found that in 
rats after hypophysectomy, which depresses both the absorption of 
sugars and the basal metabolic rate due to lack of the thyrotropic 
hormone of the anterior lobe of the hypophysis, administration of 
thyroxin in amounts sufficient to restore normal intestinal absorp- 
tion raised the basal metabolic rate only half-way back to the 
original normal level. 

When the basal metabolic rate is found to be definitely elevated 
in patients with hyperthyroidism, that test seems to offer a more 
accurate index of the degree of hj^jerthyroidism than does the 
galactose tolerance test. 

In the differential diagnosis of hj^erthyroidism, the galactose 
tolerance test is useful in cases of low grade hj^ierthyroidism, espe- 
cially when the B.M.R. is less than 20%-h. and in patients without 
hyperthyroidism who have an abnormally elevated B.h'I.R. Fif- 
teen of our 130 patients with hyperthyroidism belong in the first 
classification, and in all of these the galactose test was positive. 
It is of interest that the proportion of patients with low grade 
hyperthyroidism in our series was almost identical with that 
recently reported by Young and Krantz.® In the second classifica- 
tion were 8 patients suffering from anxiety states with hjT)erventila- 
tion, and 4 patients with obscure cardiac dyspnea. The B.M.R. 
in these 12 patients ranged from 22 to 36%+, whereas the galactose 
test was negative in 10 cases and doubtful in 2*. 

In 5 patients with non-toxic adenoma of the thyroid or with 
Hashimoto's struma, the results of the galactose tolerance test cor- 
responded to estimations of the B.M.R. 

Advanced hepatic insufficiency and Paget’s disease interfere with 
the use of the galactose tolerance test for the diagnosis of hj^er- 
thyroidism. However, since in hepatic insufficiency there is a true 
impairment of utilization of galactose whereas in hj^perthyroidism 
the high galactose tolerance curve is due to increased intestinal 
absorption, this difference can be brought out by administering the 
galactose again at a later date intravenously and following the rate 
of its disappearance from the blood. In this connection it must be 
remembered that several authors, including ourselves, have found 
hepatic insufficiency as indicated by various liver function tests to 
be present in some patients with severe hj^jerthyroidism-^ 

Intravenous administration of galactose to patients with hj'per- 
thyroidism showed that, as a rule, utilization of galactose in this 
condition is normal. This finding represents a clinical confirmation 
of our experimental work on animals indicating increased intestinal 
absorption in hjTDerthyroidism. 

As a rule, subtotal thyroidectomy promptly restores the blood 

* A patient with myeloid leukemia and a B.M.R. of l%+ also had a normal 
galactose test. 
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galactose curve to normal, but occasionally it fails to accomplish 
this. Unfortunately, we were unable to repeat the galactose toler- 
ance test on our 2 patients in whom the galactose curve had remained 
unchanged after operation. A possible explanation of these un- 
changed curves is that the amount of thyroid tissue removed in 
these cases at operation may have been insufficient. This is sug- 
gested by the great sensitivity of intestinal absorption to thyroxin 
and by the fact that in 1 of the 2 cases thyroidectomy also produced 
little change in the basal metabolic rate. 

Our experience with 7 patients who had myxedema suggests that 
the galactose tolerance test could be used also in the diagnosis of 
doubtful cases of this disease. ■ Intravenous administration of galac- 
tose to 1 patient with myxedema indicated a reduced capacity to 
metabolize galactose. This tends to confirm our conclusion based 
on experimental data that diminished intestinal absorption of sugars 
rather than their increased utilization accounts for the low sugar 
tolerance curves in myxedema. 

In communities where no machine for the estimation of the basal 
metabolic rate is available, the galactose tolerance test can be used 
instead as a routine procedure for the diagnosis of hjTperthyroidism, 
provided there are facilities for making blood sugar determinations. 

Summary. 1. A new clinical test for activity of the thyroid gland 
based on the rate of intestinal absorption of galactose is described. 
It consists of oral administration of galactose followed by deter- 
minations of galactose in the blDod 30 and 60 minutes later. 

2. Data from 121 control subjects and 130 patients with hyper- 
thyroidism show that the average maximal concentration of galac- 
tose in the blood of patients with hyperthyroidism was three times 
greater than normal and that clinically the test was comparable in 
reliability to estimations of the basal metabolic rate. 

3. Following thyroidectomy, the galactose tolerance test was 
normal in almost all cases. 

4. Advantages of the galactose test are that it is more sensitive 
than the basal metabolic rate in cases of low grade hyperthyroidism, 
and that its outcome is not influenced by hyperventilation in 
anxiety states or by cardiac dyspnea. A disadvantage of the test 
is that the presence of hepatic insufficiency or of Paget’s disease 
interferes with its use for the diagnosis of thyroid disease. 

5. In myxedema abnormally low galactose tolerance curves were 
observed, indicating that the galactose test can be used also in the 
diagnosis of this condition. 
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Several studies have been published recently concerning the 
toxic effects and pathologic tissue changes resulting from insulin 
shock therapy (Ferraro and Jervis®). Little is known as to the cor- 
responding effects of metrazol (cardiazol, pentamethylenetetrazol). 
In view of the recent extensive use of metrazol, as well as insulin 
with metrazol, in the treatment of schizophrenia, the following 
investigations were undertaken.* 

Recent Literature. De Morsier, Georgi and Rutishauser’® exam- 
ined 2 rabbits. The first animal, having received a total of 4.5 cc. 
of cardiazol in 9 injections within 1 month, had severe epileptic 
convulsions and was killed by bleeding. The second animal, after 
receiving 2 cc. of cardiazol in I injection, died 26 minutes later in a 
status epilepticus. Postmortem examinations revealed no unusual 
findings in the first rabbit, but a generalized hyperemia, most pro- 
nounced in the brain, in the second rabbit. The tissues appeared 
normal histologically. 

Stender^’^ examined 3 rabbits and 2 cats which had been treated 
with convulsant doses of cardiazol. There were 2, 25 and 31 seizures 
in the rabbits and 28 and 32 seizures in the cats. The findings for 
the most part were not significant. There were subpial hemor- 
rhages in 2 rabbits and very small foci of softening in the brain in 
1 rabbit. The author expressed the belief that these changes were of 
traumatic origin, caused by injuries incurred during the convulsions. 
In the younger cat there were some changes, similar to ischemic 
changes, in the nerve cells in the cortex and in the hippocampus. 
However, these findings were considered to be of no significant 
value. 

* We are mucli indebted to Dr. Franklin G. Ebaugh, Director of the Colorado 
Psychopathic Hospital, for suggesting that a systematic histologic study be made of 
tissues from animals experimentally treated -with metrazol. 
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Reitmannis studied 2 dogs; the first, weighing 8 kg., received a 
total amount of 38.3 cc.. of cardiazol within 9 days and the second, 
weighing 12 kg., an amount of 68.5 cc. within 12 days. Histologi- 
cally, the second dog exhibited much more severe changes. The 
vessels generally were dilated and in some places there was stasis. 
There were many hemorrhages in various places in the cortex as 
well as subarachnoid and intraventricular hemorrhages. No patho- 
logic changes were revealed in the walls of vessels in the center of 
the hemorrhages. Several ischemic foci were present in the cortex 
and in the hippocampus. In places diffuse degeneration^ of nerve 
cells was associated with pericellular incrustations and dislocation 
of nerve cells. As a result of such studies, Reitmann emphasized 
that cardiazol may cause pathologic changes in the brain which 
obviously are due to circulatory disturbances. These changes 
resemble the findings of Stief and Tokay“ in experimental insulin 
intoxication. Reitmann stressed the fact that he employed larger 
toxic doses in the experimental animals than are usually given to 
human beings in the metrazol treatment of schizophrenia. He was 
reluctant, therefore, to draw conclusions as to possible results occur- 
ring in the human brain following the use of metrazol in treatment. 

Hayman and Brody® recently reported a fatal case, with autopsy, 
following metrazol therapy in schizophrenia. The cause of death 
in this case was considered to be the toxic effect of metrazol upon 
a pathologically impaired heart. The pathologic changes consisted 
of a preexistent chronic endocarditis together with marked conges- 
tion of all the organs. No characteristic lesion in the brain or the 
other organs was found at autopsy. The authors mentioned 3 other 
fatal cases following metrazol therapy in schizophrenia, none of 
which showed any significant lesions in the brain and in all of which 
there was a preexistent pathologic condition. 

Strecker, Alpers, Flaherty and Hughes®® gave metrazol to 7 
monkeys in doses comparable to those usually given to human 
beings in the treatment of schizophrenia. Three animals did not 
exhibit any changes; 1 animal showed swelling and vacuolation of 
nerve cells in the upper cortical layers; 3 other animals showed 
slight subarachnoid hemorrhages. In the last-mentioned animals 
the cortex was remarkably well preserved. There were only a few 
slight changes in the cells of Betz, in the supraoptic nucleus and in 
the hypothalamus. But “this damage was never severe and may 
have no significance. The pathologic changes were seen only in 
animals in which the total convulsive time had been especially long 
(67 to 147 minutes). 

Dreszer and Scholz^ recently published the results of studies 
dealing with disturbances in the cerebral blood supply in generalized 
convulsions. They examined the brains of several cats in which 
convulsions had been provoked by cardiazol. The histologic work 
was based upon the benzidine method, which shows the distribution 
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of blood in the brain by the staining of the red blood cells. The 
authors found a definite disturbance in the capillary blood supply 
in the cortex in the preparoxj'-smal stage: there was a generalized 
capillary anemia together with numerous, variably-sized, circum- 
scribed areas of more pronounced anemia. The anemia gave way 
to a hj^eremia which began at the climax of the tonic phase of the 
convulsion and involved most of the vascular system during the 
clonic phase. The hyperemia, however, was not uniformly dis- 
tributed; some anemic regions persisted at the end of the attack. 
A breaking-up of the blood columns into many small fragments was 
frequently seen in capillaries in regions originally not entirely 
anemic. The authors considered this to be evidence of a mild degree 
of capillary spasm which varied considerably throughout the anemic 
regions. The caliber of the large arteries seemed not to be altered. 
Dreszer and Scholz concluded that vasomotor disturbances play an 
important role in the causation of conimlsions in experimental 
animals as well as in human beings. 

Subsequent to convulsions induced by various means, acute 
destructive changes in the cortex have been described by Husler 
and Spatz,!^ von Braunmiihl,! Scholz,-® and by Neubiirger.^^® The 
shape of such cellular destructive changes corresponds closely to the 
areas of circumscribed capillary anemia occurring in the cat after 
convulsions induced by metrazol. Since such a marked disturbance 
in the blood supply follows metrazol injection, it may be assumed 
that pathologic changes in the nervous parenchj^ma are likely to 
result. Our histologic studies suggest this probability. 

Procedure. Three dogs and 4 rabbits were given a series of convulsant 
doses of metrazol. The number of injections was similar to that emplo 3 ''ed 
clinically in the convulsive treatment of schizophrenia. The drug was 
given 3 times a week for a total of 14 to 18 injections. Most of the injec- 
tions were given intravenously except in Rabbit 1, in which approximately 
one-half the injections were given intramuscularly or subcutaneously. It 
was frequently found necessarj'' to increase the dose soniewhat in order to 
maintain pronounced convulsive responses at approximately the same 
level. For the dogs the dosage varied from 10 to 35 mg. per kg.; for the 
rabbits it varied from 10 to 30 mg. per kg. These amounts are to be 
compared udth a dosage of from 5 to 7 mg. per kg. emplo 3 ^ed in conTOlsive 
therapy in human beings. Six of the animals were killed by decapitation 
during the tonic stage of convulsions. One rabbit was permitted to survive 
the convulsions for 1 month before decapitation. 

Discussion, Contrary to the findings of certain other investigators 
previously mentioned, we have observed that convulsant doses of 
metrazol given to dogs and rabbits may lead to organic pathologic 
changes. In the present studjq the most important pathologic 
changes were observed in the central nervous system, especially the 
cerebral cortex (Figs. 1, 2, 3). More or less complete necrosis of 
the nervous parenchj^ma was observed in circumscribed areas; this 
was occasionally associated with slight glial reaction. In addition, 
there were diffuse degenerative changes of moderate degree in the 




Fig. 1. — Area of recent ischemic necrosis in frontal cortex from Dog 3 which received 
11 commlsant doses of metrazol. (Nissl X 300.) 



Fig. 2. — Circumscribed area of recent ischemic necrosis in hippocampus, showing 
slightly more pronounced changes than Figure 1 from Dog 3 which received 11 oon- 
luilsant doses of metrazol. (Nissl X 175.) 




Fig. 3. — Neuronophagia in thalamus: proliferated glia cells surrounding a degen 
erating nei-ve cell, from Dog 3 which received 11 con\mlsant doses of metrazol 
(Nissl X 300.) 



Fig 4. — Area of pronounced anemia in frontal cortex showing breaking-up of 
blood column in capillaries, from Dog 1 which received 14 con\mlsant doses of 
metrazol. (Benzidine stain [method of Doherty, Suh and Alexander’] X 125.) 
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y\7jinial. Experiment. Dosage of mctrazol. seizures. Histologic unainga at autopsy. 
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nerve cells. Other changes observed consisted of slight tubular 
degeneration in the kidneys in all animals, scattered hemorrhages 
in the lungs, increased amounts of hemosiderin in the spleen, pos- 
sibly increased amounts of glycogen in the liver and generalized 
visceral congestion. 

In consideration of the nature of the above-mentioned lesions, one 
important factor in the pathogenesis appears to be a disturbance 
in the circulation. Further evidence confirming this view was 
obtained from the study of the brain of 1 dog (Dog 1) by means of 
the benzidine method.* The animal was killed at the height of 
the tonic stage of convulsions. Study of the brain revealed a 
breaking-up of the closed capillary network into irregular fragments 
(Fig. 4). The column of blood within the vessels was frequently 
interrupted. There was a generalized anemia which was more pro- 
nounced in some areas than in others. In a few scattered places 
there was an increased amount of blood. These results are in 
agreement with the previous more comprehensive study conducted 
by Dreszer and Scholz,'‘ who employed the benzidine method in cats; 
an angiospastic-ischemic process is operative at the beginning of 
the convulsions. We are not able to state definitely whether this 
capillary spasm x>er se or a consequent stasis provokes the destruction 
of nerve cells. Comparative analyses of sections prepared by the 
benzidine and Nissl techniques may prove helpful. In places there 
is histologic evidence of hyperemia but not of stasis. We feel cer- 
tain, therefore, that spasm of the capillaries is the principal circu- 
latory disturbance involved and that this may be mainly respon- 
sible for the more or less circumscribed necrobiosis of the paren- 
chyma. Leibel and Halfi^ have determined by direct measurement 
that during metrazol shock there is a decrease in cerebral blood 
flow, both arterial and venous, which is sufficient to produce a pro- 
longed and severe cerebral anemia, f 

In addition to the vascular disturbance another factor, anoxemia, 
appears to be operative in the pathogenesis of the lesions observed 
in the nerve cells. That metrazol convulsions produce considerable 
anoxemia is shown by the findings of Himwich and his co-workers,” 
who studied the blood changes during metrazol shock in human 
cases. During various stages of the convulsions the oxygen satura- 
tion of the blood fell to 42%. Even in the first moments after the 
commlsions ceased, the oxygen tension of the arterial blood did not 
reach the normal value. It is probable that the pathologic changes 
observed in the brain of the animals may, at least in part, be due to 
anoxemia. We may suppose that severe changes in the ganglion 
cells may arise at once incident to convulsions of 7 minutes’ duration, 
as in Dog 3, and that convulsions of shorter duration, especially if 

* The modification of Doherty, Suh and Alexander’ was employed. 

t Metrazol exerts a profound influence upon the circulation (Hildebrandt [re- 
view],” McDonald and Cobb,” Haury and Gruber’). 
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frequently repeated, may lead to less severe changes which are 
perhaps partly reversible. 

Recent work by Wortis^^ shows that metrazol has no effect on the 
respiration of brain tissue in vitro. His results suggest that the 
harmful effect which metrazol has been shown to exert on the tissues 
of the central nervous system, as determined in the present work, is 
probably not due to a direct toxic action. 

In summary, we believe that the evidence permits the assump- 
tion that interference with the blood flow to the brain and the 
anoxemia produced by the convulsions are the essential factors in 
causing the cerebral changes.* 

The tissues of the rabbit which was allowed to survive 4 weeks 
after the last injection of metrazol did not exhibit any essential 
histologic differences from those of the other animals. There is no 
evidence of the formation of glia fibers nor of the production of 
scars. As yet, therefore, we are not able to say what becomes of 
foci of cellular destruction in the later stages. This rabbit, as well 
as Dogs 1 and 3, exliibited a very slight hyaline degeneration in the 
small cortical and pial vessels (arterioles and precapillaries). It 
may be assumed that repeated functional disturbances may favor 
the development of such changes in small vessels. 

The true clinical significance of the brain changes observed in 
these experiments is not yet clear. The bulk of the nervous tissue 
appeared quite well preserved. The animals did not exhibit symp- 
toms which could be referred to the brain changes. 

The following clinical case shows correlative changes. A 26-year- 
old white male, who had received insulin-metrazol shock treatment 
for schizophrenia, made a fair recovery from his mental ailment but 
developed acute appendicitis which required operation. Post- 
operatively his condition was good and his temperature was normal. 
However, 2 months after the last injection of metrazol and 14 days 
after the last injection of insulin, the man suddenly died on the 
seventh postoperative day. At autopsy, 14 hours postmortem, 
death was shown to be due to pulmonary embolism incident to 
venous femoral thrombosis. Alterations in the brain were similar 
to those seen in the animals. The histologic findings were paleness 
and degeneration of scattered nerve cells and disappearance of a 
few cells in the hippocampus and neuronophagia in several cells, 
slight glial reaction and small “gliarasen” in the temporal cortex. 
Similar but less marked changes wmre observed in the frontal cortex, 
thalamus and interbrain. In places there was a slightly increased 
number of nuclei in the capillaries. 

A second case of schizophrenia, in which convulsive metrazol 
therapy had been instituted, showed pathologic changes in the brain 
very similar to those mentioned in the above case. A 42-year-old 

• * literature relating to the effectJs of anoxemia on the brain may be found 

in the work of Dellaporta," Kabat and Dennis” and Camper and Stiefler.i 
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white male died 15 days after the third injection of metrazol. Death 
occurred as a result of pyemia secondary to a left perirenal abscess 
for which nephrectomy had been performed 14 days previously. 
The brain changes observed were different from those usually found 
in pyemic conditions. Therefore, we believe these changes to be 
due to the action of metrazol. 

In many other conditions, such as hypertension and epilepsy, 
similar small areas of cellular destruction have been observed fre- 
quently in different regions of the brain of patients, who during life 
presented no symptoms referable to these lesions. 

In contrast to these observations, other studies indicate that 
metrazol shock therapy is not always without harm. A recent 
report indicates that this therapy may produce memory defects, 
especially for “neural patterns” of recent origin (Ziskind and 
Somerfeld-Ziskind^^). This fact should enjoin caution in its use. 
It is known that individual patients may be highly susceptible to 
the convulsive action of metrazol. Therefore, care should be exer- 
cised in the institution of such therapy. It is probable that severe 
and irreversible changes in the brain may result from the adminis- 
tration of the usual metrazol dose to such individuals. Recently 
another and more serious danger has been shown to accompany 
metrazol shock treatment. When metrazol shock therapy was first 
introduced, dislocations were found to be a frequent accompaniment 
of the convulsions. Fractures including those of the bodies of the 
thoracic vertebrae have been described recently.^® It seems quite 
probable that these serious accompaniments of the treatment will 
necessitate modification of metrazol treatment or substitution of 
some other less drastic form of therapy. A report indicating that 
metrazol therapy should probably not be used in individuals with 
cardiac disease has been mentioned previously (Hayman and 
Brody®). The employment of convulsive therapy in these patients 
may result in sudden death. Other toxic effects involve the hemo- 
poietic system. Fatal aplastic anemia has been reported to follow 
metrazol shock therapy.® 

Certain pathologic findings in organs other than the brain deserve 
comment. The hemorrhages in tlie lungs appear to be secondary 
to the convulsions. The presence of increased amounts of hemo- 
siderin in the spleen suggests that hemorrhages may have occurred 
in previous convulsive attacks. In some cases of death in human 
beings during epileptic convulsions pulmonary hemorrhages have 
been observed by Neuburger”® and others. The slight degree of 
nephrosis is probably transient; the pathogenesis of this nephrosis is 
open to question. 

Summary and Conclusions. Repeated administration of convul- 
sant doses of metrazol to dogs and rabbits _ may lead to organic 
pathologic changes. The most important lesions were noted in the 
central nervous system, especially in the cerebral cortex, hlore or 
less complete necrosis of the nervous parenchyma was observed in 
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small circumscribed areas. This was occasionally associated with 
slight glial reaction and with diffuse degenerative change of moderate 
degree in the ner^m cells. Other changes obseri^ed consisted of a 
mild degree of tubular degeneration in the kidneys, scattered hemor- 
rhages in the lungs, increased amounts of hemosiderin in the spleen 
and generalized visceral congestion. 

The possible etiology of the pathologic changes in the brain is 
discussed. Vascular spasm causing insufficient blood supply and 
anoxemia resulting from the convulsions are regarded as funda- 
mental in the pathogenesis of the lesions produced by convulsant 
doses of metrazol. 

Since this paper was submitted for publication, two articles dealing with brain 
changes following metrazol have come to our attention; Hassin, G.B..: Arch. Neu- 
rol. and Psychiat., 42, 679, 1939; Liebert, E., and Weil, A.: Ibid. p. 690. 
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Benzedrine and the closely related phenylpropylamines first 
attracted attention because of their ability to produce an increase 
in the blood pressure of experimental animals and in man.^-'^-n.^z 
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Since the clinical report of Prinzmetal and Bloomberg in 1935-^ on 
the value of benzedrine in the treatment of narcolepsy more interest 
has been directed to the cerebral effects of this compound, and there 
has been a tendency to attribute all of its actions to central nervous 
system stimulation. The recent work of Myerson and his associates-'’ 
also suggested that, in contrast to epinephrine, the blood pressure 
raising effect of benzedrine is not due primarily to peripherally 
mediated vasoconstriction. Paredrine,^ a drug closely related to 
benzedrine, has been introduced recently; studies on the mechanism 
of its pressor action are few in number. 

In the present work an attempt has been made to establish the 
site of action of these drugs. Two tj^es of studies have been made : 

1. Studies in man designed to test the effects of benzedrine and 
paredrine in patients in whom a marked fall in blood pressure oc- 
curred as a result of vasomotor paralysis due to spinal anesthesia. 
In most of these studies paredrine was the drug used, since the cere- 
bral stimulating effect of benzedrine was undesirable under such 
circumstances. 

2. Experiments based on the sensitivity of the central vasomotor 
centers to changes in the blood carbon dioxide concentration. Dale 
and Evans^'’ showed that the activity of the bulbar vasomotor 
centers depends on the concentration of carbon dioxide in the blood, 
higher concentrations increasing the activity of these centers, while 
lower concentrations decrease their activity. On the other hand, 
changes in arterial blood carbon dioxide concentration do not affect 
vasoconstriction caused by the direct action of a drug on the smooth 
muscle of the arterial wall. 2 ^“ It was therefore felt that the presence 
or absence of changes in blood pressure in response to changes in 
arterial blood carbon dioxide concentration in subjects in whom 
vasoconstriction had been induced by the action of benzedrine or 
paredrine would serve to localize the site of action of these drugs. 

Methods. In the 10 studies of the action of the drugs in patients under 
spinal anesthesia 10 mg. of benzedrine or paredrine was given intramuscu- 
larly. In many instances the patients were pulseless. These studies were 
made in the operating room with the cooperation of the surgical serwce on 
patients in whom the systolic blood pressure had fallen to 60 mm. of mer- 
cury or lower foUowng the induction of spinal anesthesia for various major 
operations. 

In the 10 hyperventilation experiments the drugs were given orally in 30 
or 40 mg. doses after the subject had rested in bed until his blood pressure 
became stable. Voluntary slow deep respiration was begun after the blood 
pressure reached a fairly constant high level, and was continued for 15 
minutes. Alveolar air samples were taken by the Haldane technique at the 
beginning and end of hi’^perventilation and the carbon dioxide content was 
determined with the Haldane gas analysis apparatus. Blood pressure meas- 
urements were made at 2-minute intervals by the auscultatory method; 
the blood pressure level was noted for at least 10 minutes after the conclu- 
sion of hyperventilation. The pulse was counted frequently throughout 
the experiments. 

Results. In patients in whom spinal anesthesia caused vasomotor 
paralysis and a marked fall in blood pressure, paredrine in every 
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instance raised the blood pressure to or above the pre-anesthesia 
level (Table 1). Similar results were noted in another group of 
patients following the injection of benzedrine. 


Table 1. — Effect of Paredrinb and Benzedrine on Blood Pressure After 

Spinal Anesthesia. 



B.P. before 

B.P. before 

B.P. after 

Case. 

anesthesia. 

paredrine. 

paredrine. 

1 . . . . 

. . . . 120/75 

30/0 

150/80 

2 . . . . 

. . . . 150/80 

40/20 

180/120 

3 . . . . 

. . . . 130/80 

60/40 

160/60 

4 . . . . 

. . . . 150/110 

50/0 

160/80 

5 . . . . 

. . . . 100/60 

0 

90/60 

6 ... . 

. . . . 130/80 

0 

120/80 

7 ... . 

. . . . 100/60 

0 

100/60 

8 . . . . 

. . . . 120/60 

50/20 

160/70 



B.P. before 

B.P. after 



benzedrine. 

benzedrine. 

9 . . . . 

. . . . 110/70 

50/30 

120/60 

10 ... . 

. . . . 100/60 

40/0 

100/60 


No significant fall in blood pressure occurred during or after volun- 
tary hyperventilation (Table 2). In all instances the alveolar carbon 
dioxide content, and hence the arterial carbon dioxide content, was 
much diminished; mild tetany as manifested by numbness of the 
face and hands and the appearance of Chvostek’s and Trousseau’s 
signs occurred in 5 of the 10 subjects. The rises in blood pressure 
which occurred during the course of hyperventilation in several of 
the subjects were apparently due to the drug action since the eleva- 
tion persisted after the end of forced breathing. 

Discussion. Increases in systolic and diastolic blood pressure 
of the degree observed in the experiments here reported (Table 1) 
are similar to those which occur in essential hypertension and are 
due to arteriolar constriction. There is no basis for the statement 
frequently made that increases in cardiac output, blood volume, or 
blood viscosity elevate the blood pressure significantly, for normal 
values for blood pressure obtain in patients with increased cardiac 
output due to anemia and pregnancy in patients or animals with 
increased blood volume due to intravenous infusions,^-^® and in 
patients with polycythemia vera^® in which the blood viscosity may 
be increased to three or four times the normal value. 

The results of the present study, which show that the blood pres- 
sure may be elevated markedly by the administration of benzedrine 
and paredrine in patients with peripheral vasomotor paralysis due 
to spinal anesthesia, indicate that these drugs act on the blood- 
vessel walls. Similarly, the observations that these drugs produce 
local vasoconstriction when applied to mucous membranes,® that 
they cause contraction of isolated strips of smooth muscle, and 
that they retard the flow of blood through isolated animal tissues^^ 
point to the peripheral arterioles as the site of action of these drugs. 
Complete destruction of the brain and spinal cord® or paralysis of 
the sympathetic ganglia by means of nicotine or sparteine®'^ does 
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not prevent a rise in blood pressure after administration of these 
drugs in animals. The failure of paredrine to produce blanching 
and cooling of the skin such as occurs after the administration of 
adrenalin^ is not necessarily evidence against the presence of vaso- 
constriction elsewhere. Indeed there are available data which prove 
that the action of adrenalin on the skin is not an accurate measure 
of what happens in the rest of the body.” 


Table 2. — Effect of Hyperventilation on Hy'pertension Induced by Benze- 
drine AND Paredrine. 


1 

Patient. 

Drug and 
dose. 

Blood pressure. 

Alveolar CO 2 (%). 

Remarks. 

Basal. 

Start of ■ 
hyper- 
ventila- 
tion. 

End of 
hyper- 
ventila- 
tion. 

Start of 
hyper- 
ventila- 
tion. 

End of 
hyper- 
ventila- 
tion. 

A. I. . . 

30 mg. 
Benzedrine 

120/78 

1 

154/98 

156/96 

5.17 

2.73 

Tetany 

M. J. K. 

30 mg. ! 

Benzedrine 

104/60 

136/84 

138/84 

6.03 

2.60 

Tetany 

G. W. . 

30 mg. 
Benzedrine 

110/68 

146/84 

146/90 

5.74 

3.47 


J. W. 

30 mg. 
Benzedrine 

108/60 

140/78 

148/88 

5,10 


Tetany 

G. G.. . 

30 mg. 
Benzedrine 

98/68 

146/78 

160/80 

5.12 

1 

3.05 


E. C. 

30 mg. 
Benzedrine 

92/72 

132/80 

128/86 

5.23 

2.12 

1 Tetany 

W. P. . 

40 mg. 
Paredrine 

125/60 

j 

160/78 

168/82 

5,14 

3.28 


G. H. . 

40 mg. 
Paredrine 

118/68 

144/78 

154/86 

5.36 

3.68 


W. B. . 

40 mg. 
Paredrine 

106/74 

156/80 

146/86 

5.00 

3.63 


M. D. A. 

! 

40 mg. 
Paredrine 

110/74 

154/88 

176/90 

5.31 

2.53 

Tetany 


The experiments in which hyperventilation was employed con- 
tribute suggestive but not conclusive data as to the site of action 
of the drug. Dale and Evans“ and Raab^^'’ have shown in animals 
that the activity of the bulbar vasomotor centers varies as the con- 
centration of carbon dioxide in the blood perfusing these centers. 
These observations have been utilized clinically by Raab^^" to differ- 
entiate centrally from peripherally affected vasoconstriction. He 
showed that lowering the arterial blood carbon dioxide concentra- 
tion by means of hyperventilation lowered the blood pressure mark- 
edly in patients with essential hypertension but not in patients 
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with nephritic hypertension or hypertension due to the injection of 
adrenalin, a drug which acts on the peripheral arteries. The 
converse has also been observed clinically; inhalation of 10 % 
carbon dioxide raises the blood pressure more markedly in patients 
with essential hypertension than in normal subjects.^® Similarly, 
holding the breath, which has been shown to cause a rapid increase 
in alveolar carbon dioxide concentration,® raises the blood pressure 
of patients with essential hypertension to a greater degree than that 
of normal subjects.® Since, according to Raab,®^“ hyperventilation 
lowers the blood pressure in hypertension when it is due to centrally 
mediated vasoconstriction but not when it is due to peripherally 
mediated vasoconstriction, hyperventilation was considered an 
additional means of localizing the site of action of benzedrine and 
paredrine. The fact that hyperventilation to the point of tetany 
failed to lower the blood pressure after it had been elevated by the 
administration of these drugs, is additional evidence pointing to- 
ward its peripheral action. 

A number of foreign investigators have contended that paredrinol 
(Veritol), a methyl derivative of paredrine, raises the blood pressure 
by constricting the veins,^®-®®-^’ thereby squeezing blood into the 
arterial portion of the circulation. "Whether or not such constriction 
of the veins occurs is at present being investigated in this laboratory, 
but even if appreciable venous constriction does occur, the increase 
in blood pressure cannot be explained on this mechanism since tem- 
porary or persistent^ -1® increases in blood volume do not have this 
effect. 

The absence of generalized evidences of sympathetic activity, 
such as increase in metabolism, rise in blood sugar, increase in car- 
diac output, constant rise in pulse rate after the administration of 
benzedrine or paredrine,®-^®-^® is additional evidence against occur- 
rence of central sympathetic stimulation. Similarly, the differences 
in the duration and time of onset and offset of cerebral stimulation 
and of blood pressure rise after the administration of benzedrine 
point to different sites of action. Benzedrine may produce marked 
psychic effects in the absence of measurable cardiovascular changes, 
while paredrine causes marked increase in blood pressure without 
cerebral stimulation. 

Sununary and Conclusions. 1. The marked pressor action of 
benzedrine and paredrine is due to arteriolar vasoconstriction. 

2 . Benzedrine and paredrine exhibit their usual pressor effects in 
patients in whom the vasomotor nerves of most of the body have 
been paralyzed by means of intraspinal nupercaine or novocaine. 

3- Hjqierventilation with its resultant marked decrease in arterial 
blood carbon dioxide concentration does not inhibit the pressor 
action of these drugs. 

4. These observations are in accord with other evidence indicat- 
ing that the smooth muscle of the arterioles is the site of the pressor 
action of these drugs. 



364 


BULLOWA, OSGOOD, BUKANTZ, BROWNLEE: 


REFERENCES. 

(1.) Abbott, W. O., and Henry, C. M.: Am. J. Med. Sci., 193, 661, 1937. (2.) 
Alles, G. A.: J. Pharm. and Exp. Therap., 47, 339, 1933. (3.) Alles, G. A., and 

Prinzmetal, M.: Ibid., 48, 161, 1933. (4.) Altschule, M. D., and GilUgan, D. R.: 
J. Clin. Invest., 17, 401, 1938. (5.) Altschule, M. D., and Iglauer, A.: Ibid., 18, 

476, 1939. (6.) Ayman, D.: New England J. Med., 218, 787, 1938. (7.) Biehler, 

W.: Ztschr. f. d. ges. exper. Med., 101, 62, 1937. (8.) Byrne, H. V.; New England 

J. Med., 209, 1048, 1933. (9.) Christiansen, J., Douglas, C. G., and Haldane, J. S.: 

J. Physiol., 48, 244, 1914. (10.) Dale, H. H., and Evans, C. L.: Ibid., 56, 125, 1922. 

(11.) Friedlander, M., Silbert, S., Bierman, W., and Laskey, N.: Proo. Soc. Exp. 
Biol, and Med., 38, 150, 1938. (12.) Grolhnan, A.: The Cardiac Output of Man in 

Health and Disease, Springfield, III., Charles C Thomas, 1932. (13.) Grosse- 

BrockhoS, F., and Kaldenberg, F.: Klin. Wchnschr., 16, 948, 1937. (14.) Halpem, 

B. N.; Compt. rend. Soc. de biol., 127, 890, 1938. (15.) Hardgrove, M., Roth, 

G. M., and Brown, G. E.; Ann. Int. Med., 12, 482, 1938. (16.) Harrop, G. A., Jr.: 

Medicine, 7, 291, 1928. (17.) Hartung, W. H., and Munch, J. C.: J. Am. Chem. Soc., 

53, 1875, 1931. (18.) Iglauer, A.: Unpublished data. (19.) Myerson, A., Loman, 

J., and Dameshek, W.: Am. J. Med. Sci., 192, 560, 1936. (20.) Myerson, A., 
Loman, J., Rinkel., M., and Losses, M. F.: Am. Heart J., 16, 329, 1938. (21.) 
Fatek, P., and Thienes, C. H.: Arch, internat. de pharmacodyn. et de therap., 47, 
241, 1934. (22.) Piness, G., Miller, H., and Alles, G. A.: J. Am. Med. Assn., 94, 

790, 1930. (23.) Prinzmetal, M., and Bloomberg, W.: Ibid., 105, 2051, 1935. 

(24.) Raab, W.; (a) Ztschr. f. d. ges. exper. Med., 68, 337, 1929; (6) Arch. Int. Med., 
47, 727, 1931. (25.) Rein, H.; Klin. Wchnschr., 16, 700, 1937. (26.) Von Lesser, 

L.: Surgical Emergencies, New York, Bermingham & Co., 1883. (27.) Zipf, K.; 

Arch. f. exper. Path. u. Pharmakol., 189, 679, 1938. 


THE EFFECT OF SHLFAPYRIDINE ALONE AND WITH SERUM 
ON PNEUMOCOCCIC PNEUMONIA AND ON PNEUMOCOCCUS- 
INFECTED MARROW CULTURES.* 
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A CONSIDERABLE body of evidence has accumulated to indicate that 
in mtro the bacteriostatic and bactericidal action of sulfapyridine 

against thepneumococci*®“'^*'^‘‘’^®'^’^“ is superior to thatof sulfanilamide. 

It has, moreover, been shown that sulfapyridine is capable of prevent- 

* These studies received financial support from the Littauer Pneumonia Research 
Fund of New York University College of Medicine, from the Metropolitan Life 
Insurance Company and from Mr. Bernard M. Baruch, Mr. Bernard M. Baruch, Jr., 
Miss Belle N. Baruch, and Mrs. H. Robert Samstag. 
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ins or curins pnciiiiiococcal infections in a. variety of animals, and. 
that this action is superior to that of sulfanilamide.i'’'i*'2“-2i'24’2^'3^“'^^ 
This knowledge has been employed in the treatment of human 
pneumococcal infections, and reports have appeared showing the 
value of sulfapyridine in the treatment of the pneumonias and of 
other infections caused by the pneumococcus.^-^ 

A. number of workers have reported that specific serum increases 
the antistreptococcal and antipneumococcal activity of sulfanila- 
mide, both in vitro and in experimental infections.®'''’^®’®®-®® There 
have been several reports suggesting that specific immune bodies 
increase the antipneumococcal activity of sulfapyridine.^®"-®® 

An evaluation of serochemotherapeutic and chemotherapeutic 
methods, by clinical means alone, would require considerable num- 
bers of cases and years of observation. Though the clinic is the 
ultimate arbiter, the problem may be simplified and its elements 
may be separately analyzed and evaluated by laboratory approach. 
The technique of vaccine vial culture of human marrow permits 
controlled quantitative studies of the interaction of living cells, 
bacteria and therapeutic agents. This has already been demon- 
strated for sulfanilamide, with both streptococci and pneumo- 
cocci.®® The present work represents an extension of original 
observations to include sulfapyridine and attempts to evaluate the 
importance of adding specific serum. 

Method. The method of vaccine vial culture of human marrow has 
already been described.^‘“ Human marrow serum medium at a buffered pH 
was infected with organisms. Equal portions were introduced into vials. 
The serum and sulfapyridine was then introduced through the stopper. 
Portions for examination were aspirated from time to time. The organisms 
used in the present investigations were strains recently isolated from pneu- 
mococcic pneumonia patients. The blood of patients was obtained by 
sterile technique, allowed to clot, and the serum centrifuged sterilely and 
refrigerated. 

Results. A. Direct Effect in Marrow Cultures, (a) Effec- 
tive Dosage; Comparison With Sulfanilamide. The control observa- 
tions evidenced the same characteristics already described for the 
growth of pneumococci in marrow cultures.®® The usual growth 
of the pneumococcus under the conditions studied is demonstrated 
in Exp. 221 (Chart 1), performed on a freshly isolated virulent 
Type VII pneumococcus. Though as small an inoculum of this 
strain as 68 organisms per cc. was not sterilized by sulfapyridine 
alone (Exp. 220), a larger inoculum, 470 organisms per cc., was com- 
pletely sterilized in 70 hours by sulfapyridine 10 mg. per 100 cc. plus 
5 units of antiserum per cc. Sulfanilamide, 1 to 10,000, was prac- 
tically without effect. Our general experience was that for the same 
size inoculum, concentrations of sulfapyridine equi-molar with 
1 to 10,000 or 1 to 20,000 sulfanilamide were effective and more so 
than sulfanilamide or than the lower concentrations of sulfapyridine. 
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Because these concentrations are significantly bacteriostatic in mar- 
row cultures and because they can be reached in the blood of human 
subjects (5 and 10 mg. per 100 cc, of blood), they were employed 
in the subsequent experiments. The effective concentrations of 
sulfapyridine alone in marrow cultures eorresponded well with the 
observations of other workers, but is somewhat higher than that 
previously described for sulfanilamide against the streptococcus. 
An apparently effective concentration may not control all pneumo- 
cocci, since there may be considerable variation in susceptibility 
of different strains to sulfap 5 ^ridine. 

Acetyl sulfapyridine had neither bactericidal nor bacteriostatic 
effect. 


EXP. 221 

JACKSON TYPEM 




1 

1 

n 

1 

1 

1 

1 

m 

1 

1 

■I 

rOJRS 0 20 24 

(COLOfJY CCWIT- orgahisms/cc) 

44 

48 


1 

1 

1 

1 

1 


1 

1 

1 

1 

!■ 


8 


COHTPOL 



■ 



■ 

■ 

1 

1 

1 




1 

I 

: i 

- 



RABBIT ANTIPHEUUOCOCCUS SERUM* 

470 

72 

MUION 




■ 

1 

1 

1 

m 




u 

is 

AS? 

1 



rabbit WfflPNOJMOCOCCUS SCRUM* PLUS 
sarAWUAfjK iriooco 

470 

11500 

3400 

8SO00 

75000 

MRS 

B 

1 


% 


L_ 




1 




RABSrf WITIPNCUMOCOCCUS S£RUM*PLUS 
SULPAPYRIOINC l-WDOO 

470 

0 

0 



D 

1 

1 

IM 

/ 




J 









rabbit amtipkcumococcus scrum* plus 
SUL f APYfilOlfiC l-SOjWO 

470 

180000 

238000 

21 

MILLION 

■ 

■ 


1 


8 

1 

Jj 


1 

1 

1 

1 

1 

1 

1 

1 


HORSE AiniPNEUMOCOCCUS SERUM* 

470 

108 

MILLION 




■ 


■ 

1 

1 

1 

1 

1 

1 

1 

1 

! 

1 

1 


HORSC ANTiPNtUMOCOCCUS 5£RUM*PLUS 
SULTANILAMIOC l-KWOO 

470 

I4JJ00 

3500 

51000 

7ID00 

■ 

1 

1 

8 

1 

1 


1 

s 

I 

n 

8 

1 

1 


HORSC ANTIPNCUMOCOCCUS SCRUM*PLUS 
SUCfAPYRiOlNE I-IOOOO 

470 

M5 

40 

|HI 

m 

D 

L 

1 



8 

1 


_ 


_ 


s 

\ 



HORSC ANTjpfJCUMOCOCCUS SCRJm'plUS 
SUlFAPYRJDlNei-50f»0 

470 

1445 

1000 

16000 

14000 



0 5 iO 6 20 a 30 3b 40 4b M 55 60 65 70 * bUWTbPWCC. 

HOUBS ‘•EXPtKENCt HAS SHOWN THAI V«N A CULTURE IS ACID. 

UUU THE COUNT Has reached 200.000.000 OROANISMS 


Chart 1. — Effect of sulfapyridine and sulfanilamide on Pneumococcus VII in marrow 
culture. Influence of added serum. 


(6) Lag Phenomenon. In most of the experiments there was, im- 
mediately after inoculation, multiplication of the organisms for a 
period of several hours before bacteriostasis occurred (Charts 2 and 
3). This phenomenon has been observed with sulfonamide com- 
pounds by several workers, particular reference having been called 
to it by Whitby.”*’ 

(c) The Effect of Type Specific Antibody. The effect of both horse 
and rabbit sera on the bacteriostasis in marrow cultures containing 
sulfapyridine was studied. There Avas an equal effect for equivalent 
titers of antibody. The majority of our later experiments Avere per- 
formed with rabbit serum. Serum alone, in concentrations of 5 to 
60 units per cc., induced, within the marrow culture, the_ usual 
specific phenomena of capsule swelling, agglutination and stimula- 
tion of phagocytosis. Serum alone had less effect on the growth 
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curves of the pneumococci than had been observed with the organ- 
isms used in the sulfanilamide experiments.®® There was frequently 
diminished growth during the first 4 to 6 hours in the vials contain- 
ing only specific serum, possibly due to agglutination (Chart 2), 
but this was generally followed by a rapid increase of growth, closely 
paralleling that of the control cultures. 

In the majority of instances, bactericidal and bacteriostatic 
activity was appreciably increased when both serum and drug were 
present (Charts 1, 3 and 4-6). Where either very large or very 
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Chart 2. — (a) and (b). Pneumococcus I and Pneumococcus HI in marrow cultures. 
Failure of serum to increase bacteriostatis. 


small inoculations were used, however, the effect was less evident 
because, with the smaller inoculations, sulfapyridine alone was 
effective and with the very large inoculations neither the drug alone 
nor in combination with serum was capable of controlling the 
infection. Occasionally, however (Chart 5-6), an inoculum as large 
as 30,000 organisms per cc. of pneumococcus III was completely 
sterilized in 96 hours by sulfapyridine plus serum although it was 
not sterilized by sulfapyridine alone. Of interest in Exp. 252 
(Chart 3) was the demonstration that, in the vial containing sulfa- 
pyridine plus serum, there were still 15 viable organisms per cc. 
at 54 hours. 
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That small numbers of organisms may remain alive for a long 
time in the presence of both sulfapyridine and serum, is of con- 
siderable importance in determining therapy. In several experi- 
ments, increasing antibody concentrations with the same concentra- 
tions of sulfapyridine, gave evidence of increasing bacteriostatic 
effects (Chart 3-a). This was not in proportion to the increase of 
antibody. Rarely the presence of antiserum inhibited the bacterio- 
static activity of the sulfapyridine. 
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Chabt 3.~(a) and (6). Two strains of Pneumococcus I showing increased suscep- 
tibility to sulfapyridine in the presence of serum, 

(d) The Effect of Variation in Virulence. Experiments 221, 223, 
227 and 228 (Chart 6) were performed with the same strain of a 
Tj’pe VII organism. Approximately 4 weeks elapsed between the 
first and last observations, during which time the organism had 
been subcultured on blood agar slants. A progressive increase in 
the organisms’ susceptibility took place, and in later experiments 
(228), large inoculations were completely sterilized by concentra- 
tions of sulfapjTidine alone which had failed in the first e.xperiments. 
Moreover, in the initial experiment (Chart 1) antiserum in addition 
had been necessary to sterilize. Suspensions containing 10,000 
organisms in the stage used in Exp. 228 were unable to kill mice. 
For this organism at least, the increased vulnerability to the drug 
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was associated with a considerable decrease in virulence for mice. 
These observations indicate that firm conclusions must not be based 
upon comparisons involved in a single experiment^ and, when several 
experiments are considered, the inferences can be only tentative. 

(e) Strain Variations. The existence of variations in susceptibil- 
ity to sulfapyridine, already indicated, suggests the possibility that 
there might also be variations among different strains of the same 
type of organism in the same stage of isolation. The following 
comparative observations were not made simultaneously and, while 
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Chaht 4. (o) Large inoculum of Pneumococcus VII showing temporary bacterio- 

stasis and later growth, (b) Failure ol sulfapyridine to sterilize small inoculum 
despite added Pneumococcus I serum. 


conelusions based upon them must be guarded, we may, nevertheless, 
tentatively accept that there are variations in susceptibility of 
different^ strains of pneumococci to sulfapyridine. The recent 
observations of MacLean, Rogers and Fleming^® support this view, 
^ Tj^e I strain (Faith) could not be sterilized in an inoculum of 
only 18 organisms per cc. by sulfapyridine and serum in 54 hours 

I strain (Garret), in an inoculum of 
/OO organisms per cc., was completely sterilized by sulfapyridine 
alone m less than 74 hours. 

(/) Effect of Size of Inoculum. That the size of the original inocu- 
um IS an important factor in determining the outcome of an experi- 
m^t, IS indicated in Chart 5. One thousand organisms per cc. of 
a i j^ie III strain (Glover) were sterilized by sulfapyridine alone in 
30 hours, while 30,000 organisms of the same strain in a later experi- 
ment could be sterilized only by sulfapyridine and serum after 
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96 hours. This would tend to show that concentrations of sulfa- 
pyridine which are perfectly adequate for smaller inocula of some 
strains may be inadequate when larger inoeulations of the same 
strain are used. 

With extremely large inocula (which were made to assure a suffi- 
cient growth so that adequate morphologic observations could be 
made) it was interesting to note that temporary bacteriostasis 
might occur, only to be followed by ultimate growth of the marrow 
culture to acidity (Chart 4-a). These observations are in agree- 
ment with the quantitative studies of McIntosh and Whitby,^’ 
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Chaht 5. — (o) Successful sterilization of moderate inoculum (1000 organisms per 
cc.). (6) Very large inoculum (29,400 organisms) successfully sterilized only after 

serum was added. 


who demonstrated the necessity of increasing concentrations of 
sulfapyridine for the sterilization of larger inocula of the same 
organism. The relationship in our experiments, however, did not 
seem to have the direct proportions of a quantitative chemical 
reaction. 

B. Effect of Variations in the Mediitm. The influence of 
variations in the culture medium on the bacteriostatic and bac- 
tericidal action of sulfapyridine has attracted considerable atten- 
tion. This, like the lag phenomenon, bears upon the highly impor- 
tant problem of the mechanism of action of the drug. We failed to 










































Fig. lo.— Exp. 2S8. Pneumococcus VII. Control at 24 hours, (Wright stain 
smear from marrow cultures, X 1200.) (Courtesy of Spencer Lens Company.) 



Fig. lb. — Exp. 258. Pneumococcus YII. Sulfapyridine, 1 to 20,000 at 24 hours. 
Lysis, chain formation phagocytosis. 
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Fig. Ic.— Exp. 248. Pneumococcus I. Sulfapyridine, 1 to 10,000 plus 66 units 
serum per cc., 16 hours. Distortion, lysis and chain formation. 





Fig. Id. — Exp. 258. Pneumococcus VII. Sulfapyridine, 1 to 20,000, plus anti' 
serum, 50 units per cc., 24 hours. Lysis distortion and chain formation. 



Fig. le. — E.xp. 258. Pneumococcus VII. Antiserum, 50 units per co., 24 hours. 
Agglutination and capsule swelling. 
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observe inhibition of bacteriostasis due to added peptone, as reported 
by Lockwood. Our experience is in agreement with the observa- 
tions of McIntosh and mitby.^^ Phagocytosis was apparently not 
essential in determining the outcome of therapy because sulfapyri- 
dine accomplished complete sterilization of pneumococci inoculated 
into Hartley broth. 

C. Morphologic Changes Unher Influence of Drug and 
Serum. 1. In Marrow Culture. Marked morphologic changes in 
streptococci exposed to sulfanilamide have been observed.'^ A 



Chakt 6. — (o) Increased vulnerability of Pneumococcus VII, same strain as in 
Exp. 221, after 1 month's cultivation in agar. (6) Exp. 220. Effect of patient’s 
serum before and after treatment with serum and sulfapyridine. 


report has appeared ascribing to sulfapyridine, morphologic altera- 
tions in the pneumococci obtained from treated patients.^'’ Loss of 
capsular substance with a consequent loss of type specificity has 
been described. This has not, however, been confirmed by others 
so that doubt has been thrown upon the observations.^^’’ 

In our study of morphologic changes in marrow cultures, large 
inocula were made and Wright stain smears examined at various 
intervals (Fig. l~a, b, c, d and e). In general, morphologic altera- 
tions were observed after some hours of exposure to the drug. 
These changes consisted of a tendency to chain formation, swelling 
and distortion of the organisms, and actual lysis. In the presence of 
specific antiserum capsule swelling occurred. Agglutination of 
organisms also^ otyurred when antiserum was present, indicating 
that tjqie specificity was retained. At the same time, the control 
cultures, with more bacteria than those containing sulfapyridine. 
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showed good morphology, indicating that the morphologic changes 
were not due either to exhaustion of the media or to the production 
of metabolites. Phagocytosis also was not responsible for morpho- 
logic changes because it was present in the control cultures to the 
same degree as in cultures containing the drug. 

2. In Patients. In a number of instances, sputa from pneumonia 
patients treated with sulfapyridine were typed at intervals during 
the course of treatment. We were always able to obtain the tj^pe 
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Chart 7. — Relative bactericidal activity of serums from treated patients. 


from these sputa, either by direct examination (Neufeld), or by 
mouse inoculation. In 1 instance of Type VIII pneumonia, pneu- 
mococci continued to be typed directly from the sputum for 8 suc- 
cessive days of treatment with sulfapyridine. This patient recov- 
ered. In a fatal pneumococcal Type XVIII meningitis treated 
with sulfapyridine and both intravenous and intrathecal specific 
antiserum, capsules were seen on direct examination of the spinal 
fluid without addition of tj^jing serum, for a period of 5 days; 
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tlirougliout all of this tiuio the spinal fluid concentration of sulfa- 
pyridine ranged between 5 and 9 mg. per 100 cc. 

D. Relative Antibacterial Power of Blood Obtained From 
Patients. Colebrook, Buttle and O’Meara® have demonstrated 
that treatment with sulfanilamide confers increased bactericidal 
and bacteriostatic properties upon the blood and serum of humans. 
Fleming^®^ demonstrated this phenomenon with human blood ob- 
tained from patients receiving sulfapyridine, and showed that the 
increased bactericidal property was in the serum rather than in the 
cells. We studied the bactericidal property of 10 specimens of 
human serum obtained from patients of several types, in some cases 
before treatment, but in most instances after treatment with either 
serum, sulfapyridine, or the combination. These sets of sera were 
subjected to studies in marrow cultures at the same time, using the 
same organism and, whenever possible, the same size inoculum. 
Although we did not determine the relative bactericidal power of 
normal human sera in marrow cultures, Colebrook, Buttle and 
O’Meara® have already shown that, although human whole bloods 
from various individuals differ in their bactericidal action against 
the streptococcus, there was practically no variation when only 
serum was used. 

The serum of patients treated with sulfapyridine was consider- 
ably less bacteriostatic than the serum from those patients treated 
with both serum and sulfapyridine. Serum from ' patients given 
therapeutic serum alone had practically no bacteriostatic activity. 
Serum from untreated patients exhibited no significant bacterio- 
static or bactericidal activity. Experiment 220 (Chart 6) clearly 
demonstrates the difference in sera obtained from a Type III patient 
before treatment and after treatment with both serum and sulfa- 
pyridine. Chart 7 demonstrates the same phenomenon with differ- 
ent sizes of inocula. There was increased bactericidal activity in 
the presence of both serum and drug.* 

E. Statistical Results of Therapy in Human Infections. 
During the past 4 months we have rotated in treatment patients 
with pneumococcic pneumonias, immediately after type identifica- 
tion, in order to evaluate the effect of serum, sulfapyridine, or the 
combination; 324 adults and 113 children were studied, as shown in 
the tables 1, 2, 3. 

* Since this article went to press. Spring, Lowell and Finland (J. Clin, Invest., 
19, 163, 1940) have reported observations on the effect of sulfapyridine on the 
growth curve of the pneumococcus in vitro. Their studies also revealed the presence 
of a lag phase before bacteriostasis due to sulfapyridine, diminishing bacteriostatic 
effect with increasing size of inoculum, and a failure of peptone to inhibit bacterio- 
stasis due to sulfapyridine. In their pneumococcidal studies the addition of specific 
immune serum was also found to increase the bacteriostatic and bactericidal activity 
of sulfapjTidine. They obtained results essentially similar to ours in studies of the 
pneumococcidal activ'ity of bloods obtained from treated patients, concluding that 
the pneumococcidal activity was proportional to the sulfapyridine and antibody con- 
tent of the blood specimens obtained. 
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The death rate in adults, for all types, with sulfapju’idine alone, 
was significantly lower than that for serum alone. Curiously, the 
death rate with serum plus sulfapyridine was somewhat higher than 
that for the drug alone. This is at variance with the experimental 
results reported by others and with our own observations in marrow 
cultures. However, when the statistics are broken down, it becomes 
evident that the lowest death rate in early treated cases (1 to 
4 days) was obtained with the combination of serum and sulfapyri- 


Tablb 1. — New York University Coleege of Medicine (Littauer Fund), 
Harlem Hospital, January 1, 1939-May 1, 1939. 

Adults. 


Type. 

Serum. 

Sulfapyridine. 

Serum and 
sulfapyridine. 

Cases. 

Deaths. 


Cases. 

Deaths. 

%. 

Cases. 

Deaths. 

%. 

I . . . 

25 

1 


24 

0 


20 

1 



4* * * § 

0* 


7* 

0* 


2* 

0* 


II . . . 

4 



2 

1 


2 

0 



1* 


■ 

0* 

0* 


1* 

0* 


Ill . . . 

11 

4 


12 

1 


10 

2 



2 * 

2* 


1* 

1* 


2* 

2* 


V . . . 

10 

1 


10 

3 


8 

It 



b* 

0* 


4* 

3* 


1* 

1* 


VII . . . 

18 

5 


18 

0 


18 

2 



4* 

3* 


1* 

0* 


I* 

1* 


VIII . . . 

7 

1 


7 

1 


5 ’ 

1 



2* 

0* 


2* 

1* 


0* 

0* 


Other typest 

36 



52 

4§ 


26 




4* 



1* 

0* 


1* 



Total 

111 

19 

17.3 

124 

10 

8.1 

89 

10 

11.2 


17* 

S* 

47* 

16* 

5* 

31* 

8* 

5* 

62.5* 


R.D.E. = 2.1 R.D.E. = 0.7 


R.D.E. = 1.2 


* Bacteremia. 

t Bacteremia controlled, congestive failure, 

j Including multiple infections. 

§ Pneumonia controlled, gastro-intestinal malignancy (1 case). 

dine. These findings are in agreement with the recent experi- 
mental observations of Kepi and Gunn“ on rats. They found 
that serum plus sulfapyridine tvas the most efficient therapeutic 
agent when treatment was begun soon after infection, and that in 
animals treated late the addition of serum did not augment the 
therapeutic effects obtained with sulfapyridine. 
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Final conclusions regarding the elfect of drug and antibody in the 
treatment of the pneumonias must await additional observations. 

Comments and Discussion. Most of the work done on sulfanilamide 
and its derivatives has, for its goal, the establishment of a rational 
therapy. In this regard, we have reason to believe that the same 
principles which govern the therapy of streptococcal infections 
with sulfanilamide will also govern the therapy of pneumococcal 
infections with sulfapyridine. It has been well established that 
specific serum markedly improves the sulfanilamide therapy of 


Table 2. — New York University College op Medicine (Littauer Fond), 
Harlem Hospital, January 1, 1939-May 1, 1939. 

Children. 



Serum. 

Sulfapyridine. 

Serum and 
sulfapyridine. 




Cases. 

Deaths. 

, %• 

Cases. 

1 

, Deaths. 

%. 

Total 

37 

Mm 


60 

2 

4.0 

26 

1 

3.8 


4* 

0* 


0* 

0* 

0.0* 

1* 

0* 

0.0* 

Age. 

1 

1 

1 , 

22 ' 






Under 2 yrs. 

17 

1 

5.9 ' 


2 



1 

7.7 

1 

3* 

0* 1 

0.0* 

0* 

0* 



0* 


2 to 12 yrs. 

20 

0 

0.0 

28 

0 

0.0 

13 




1 * 

0* 

0.0* 

0* 

0* 

0.0*1 

0* 



Pn. XIV . 

11 

0 

0.0 

10 

0 

0.0 

11 

0 

0.0 


3* 

0* 

0.0* 

0* 

0* 

0.0* 

1* 

0* 

0.0* 

Lobar . 

32 

1 

3.1 

42 

0 

0.0 

25 

1 1 

4.0 


4* 

0* 

0.0* 

0* 

0* 

0.0* 

1* 

0* 

0.0* 

Broncho. 

5 

0 

0.0 

8 

2 

25.0 

1 

0 

0.0 


0* 

0* 

0.0* 

0* 

0* 

0.0* 

0* 

0* 

0.0* 


* Bacteremia. 


experimental infections. Lowenthaps found that serum plus sul- 
fanilamide^ cured 75% of mice infected with streptococci while 
sulfanilamide alone cured 11% and serum alone cured none. Bran- 
ham and Rosenthal® similarly found that the Tecovevy rate for 
serum plus sulfanilamide in experimental pneumococcus infections 
was greater than for either alone and could not be accounted for 
by a simple addition of effects. Chandler and Janeway^ demon- 
strated m vitro an increased bacteriostasis of the streptococcus by 
sulfanilaniide in the presence of immune serum. MacLean, Rogers 
and Fleming-® have shown that a single dose of pneumococcal vac- 
cine combined with the oral administration of sulfapyridine saved 
mice that would inevitably have died if treated by either method 
a one, this was ascribed to the synergistic action of vaccine and 
drug. Agranat, Dreosti and Ordman^ demonstrated that the 
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recovery from pneumonia occurred more quickly Avith sulfapyridine 
in those natives who had previously been vaccinated Avith pneumo- 
cocci. Plummer and EnsAAmrtlP- reported a mortality rate in cases 
treated with sulfapyridine and serum loAver than that for sulfapyri- 
dine alone. Our obserA'^ations also indicate that serum plus sulfa- 
pyridine is a more effectiA'e therapeutic agent than either acting 
alone in the early cases Avhen autogenous antibody cannot be ex- 
pected to be present. Furthermore, Bukantz, Bullowa and de Gara® 
have recently suggested that serum plus sulfapyridine may be essen- 
tial when the seAmrity of a pneumococcal infection is so great that 
capsular polysaccharide is detected in the blood. 


Table 3. — New York Unwersity College op Medicine (Littaijer Fund), 
Harlem Hospital, January 1, 1939-May 1, 1939. 

Adults. 


Age. 

1 

j Serum. j 

1 

j Sulfap 3 'ridine. 

Serum and 
sulfapyridine. 




Cases. 

Deaths. 

%. 

Cases. 



Under 40 yrs. 

61 

8 

13.1 

72 

4 

5.6 

52 

3 

5.8 


8* ^ 

3* 

37.5*^ 

9* 

2* 

22.2* 

3* 

1* 

33.3* 





R.D.E^ 

’=1.5 


j 



40 years and over 

49 

11 

22.5 

52 ' 

6 

11.5 


7 

19.0 


9* 

1 

5* 

55.7* 

7* ■ 

1 

3* 

wmi 


4* 

80.0* 





R.D.E. 

’= 1.5 





Day of disease: 










1st to 4th day 

57 


12.3 

S3 

5 

9.4 

39 

1 

2.6 


9* 


44.5* 

5* 

2* 

40.0* 

2* 

0* 

0.0* 











5th day and over 

53 

12 

22.7 

71 

5 

7.1 

50 

9 

18.0* 

+ ? 

8* 

4* 

50.0* 

11* 

3* 

27.3* 

6* 

5* 

83.3 





R.D.E. 

' « 2.4 

1 



i 



* Bacteremia. 


There are many hazards in the attempt to make accurate inter- 
pretations of chemotherapeutic experiments. Chesney,® many 
years ago, demonstrated that, prior to the deA’-elopment of an active 
logarithmic phase of growth, there Avas a definite lag in the multipli- 
cation of organisms m vitro. It Avould certainly seem that an 
organism subjected to the action of a chemical agent while in a lag 
phase of groAvth, in vitro, might be inhibited in its growth to a 
greater extent than when in its logarithmic phase. Under such con- 
ditions, an unAvarranted degree of acthuty might be attributed to 
the infiuence of the drug. Nevertheless, it appears as though feAV 
investigators of sulfapyridine haA’-e observed the precaution of inocu- 
lating organisms in the active logarithmic phase of groAA^th. In 
McIntosh and Whitby’s-'^ experiments, a highly virulent organism 
in the active logarithmic phase of growth Avas always used. In their 
experiments non-immune mice inoculated AAuth pneumococci incAut- 
ably developed bacteremia despite sulfapyridine therapy. Immune 
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mice, OH tlie otlier hand, inoculated with the same number of 
organisms, failed to develop bacteremia. These differences in beha- 
vior occurred despite the fact that both groups of mice were ultimately 
cured. 

Our own observations have indicated that pneumococci may 
remain viable for as long as 54 hours, despite the presence of sulfa- 
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Chart 2.— (a) and (6). Fever charts of patient in whose sputum Pn. VIII and 
I n. XX were found. Forty-eight hours after discontinuing sulfapyridine, the tern- 
perature rose. The blood became invaded with Pn. VIII; signs of aortic valvular 
isease developed. The condition wa.s uncontrolled by subsequent administration of 
sulfapyndme. Agglutinins were present and the blood culture positive simul- 
taneously. Postmortem: vegetative endocarditis. 

p;y ridine and serum, and that large inocula may undergo temporary 
bacteriostasis with subsequent overgrowth. The significance of 
such observations to human therapy is well indicated by the follow- 
ing case whose fever chart is shown in Chart 2. A man of 39 was 
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treated with sulfapyridine on the 6th day of his illness, receiving 
the drug for the next 7 days. His temperature was below 100° F. 
on the 12th and 13th days, when the drug was stopped. On the 
14th day the temperature reached 100° F.; on the 15th day the tem- 
perature reached 103.8° F., and continued until the 18th day, at 
which time a blood culture taken on the 17th day grew a pneumo- 
coccus VIII. Previous blood cultures had been sterile. In spite 
of the continuation of sulfapyridine therapy and the development of 
agglutinating antibodies, this patient died on the 29th day and 
autopsy confirmed the diagnosis of bacterial endocarditis. Whitby 
had earlier shown that sulfapyridine had no effect upon the quality, 
quantity or speed of production of specific antibodies, and felt that 
it would be unwise to sacrifice the methods of immune therapy which 
had already been proven valuable. 

That there are additional difficulties in attempting to evaluate 
chemotherapeutic agents bj'^ animal experimentation, are indicated 
bj'^ the differing reports of such workers as Cooper, Gross and Lewis,^®- 
and Hilles and Schmidt.-® The former workers reported little 
advantage of sulfapyridine over sulfanilamide in the treatment of 
pneumococcal infections in mice and pneumococcal meningitis in 
rats. However, the treatment dose employed by them was small, 
only 20 mg. of either drug at 3, 23, 47 and 72 hours after infection 
for the mice, and 20 mg. at 6, 13 and 23 hours after infection fol- 
lowed by 20 mg. once daily for 8 doses in the rats. By these methods 
of therapy, sulfapyridine proved to be of only slightly greater 
therapeutic action than sulfanilamide. Hilles and Schmidt, work- 
ing with Type XXII infections in mice, found that with a dosage of 
20 mg. orally at 2, 6, 12, 18 and 24 hours with an additional 24-hour, 
20-mg. dose for 5 successive days, only 1 out of 20 mice survived 
for 30 days, though life was slightly prolonged in the remaining 19. 
Where therapy was changed to 20 mg. 2 hours after infection, then 
every 6 hours for 4 days, then at 12-hour intervals for 2 days, 14 of 
20 mice lived for 30 days, and of the remaining 6, 4 died after dis- 
continuance of therapy. Raiziss, Severac, Moetsch and Clemence,®® 
using an even less adequate dosage than Cooper, Gross and Lewis, 
concluded also that sulfapyridine was not much more effective than 
sulfanilamide. Long, Bliss and Feinstone,®^ using a dosage inter- 
mediate between that of Cooper, Gross and Lewis, and Hilles and 
Schmidt, reported intermediate results in the therapy of pneumo- 
coccal infections in mice. 

Some uniform standard dosage, as well as strains of uniform 
resistance and in the same phase of growth, should be employed in 
order that there may be accurate comparable results. This is of 
particular importance to the clinician who desires information in 
order to establish the most efficient form of therapy. For the present 
we must conclude that the optimal conditions and combinations in 
our therapy of the pneumococcal pneumonias have not been' deter- 
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mined. Considerably more careful work must be done before the 
r 61 e of serum and of sulfapyridine can be formulated. 

Summary and Conclusions. 1. In marrow cultures^ the presence 
of sulfapyridine in concentrations of 5 mg. or more per 100 cc. may 
lead to ultimate sterility with inocula of 500 or less per cc. of Types I, 
III or VII pneumococci, whereas controls uniformly grow out to 
numbers of over 100 million colonies per cc. 

2. The larger the initial inoculation, the less likely is sulfapyridine 
to lead to sterility. 

3. Sulfapyridine alone is definitely more effective against pneu- 
mococci than equi-molar concentrations of sulfanilamide. 

4. The presence of type specific antiserum almost always increases 
the effectiveness of sulfapyridine. With the same concentrations of 
sulfapyridine, increasing quantities of antibody are increasingly 
effective. Occasionally, for some undetermined reason, the presence 
of serum interferes with the bactericidal action of sulfapyridine 
in mtro. 

5. Within the range of concentrations employed varying from 
1 to 10,000 to 1 to 100,000, an increase in concentration of sulfa- 
pyridine results in an increase in effectiveness. 

6. Different strains of pneumococci appear to vary in their sus- 
ceptibility to the action of sulfanilamide and sulfapyridine. Freshly 
isolated virulent strains appear to be less susceptible than strains 
after they have been grown for some time in ordinary media. 

7. The presence of sulfapyridine does not result in rapid death of 
all organisms present. Small numbers of living organisms may be 
present for several days in cultures which appear microscopically 
sterile. 

8. Sulfapyridine, in the concentrations emploj'ed, has not yet 
appeared to damage directly the marrow cells nor to favor or inhibit 
phagocytosis. 

9. Organisms exposed to the action of sulfapyridine undergo no 
loss of capsule or type specificity. They may, however, become dis- 
torted, develop long chains and stain irregularly. 

10. Acetyl sulfapyridine is ineffective. 

11. Serum from untreated pneumonia patients is not bactericidal. 
The serum from treated patients has bactericidal activity roughly 
proportional to sulfapyridine and serum content. 

12. Sulfapyridine alone gave a lower death rate than either serum 
alone or serum plus sulfapyridine, in a series of 324 adult patients 
rotated for treatment. The lowest mortality rate was observed in 
cases treated early (1 to 4 days) with serum and sulfapyridine. The 
results^ in children were inconclusive and in infants did not show the 
trend in adults. 
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A FATAL CASE OF HEMOLYTIC ANEMIA AND NEPHROTIC 
UREMIA FOLLOWING SULFAPYRIDINE ADMINISTRATION. 

By Jacob M. Ravid, M.D., 

PATHOLOGIST, ISRAEL ZION HOSPITAL, 
and 

Charles Chesner, M.D., 

RESIDENT IN PATHOLOGY, ISRAEL ZION HOSPITAL, 

BROOKLYN, N. Y. 

(From the Department of Pathology, Israel Zion Hospital.) 

Suleapyridine (“Dagenan” or “M & B 693”) recently released 
to the medical profession, has rapidly come into fore and has in 
many institutions almost entirely superseded serum therapy in the 
treatment of pneumonia. It is therefore pertinent at this stage of 
the problem to report all known cases wherein toxic or even fatal 
results were obtained with this drug. The present case is, we think, 
the first of an acute fatal hemolytic anemia and renal insufficiency 
as caused by sulfapyridine to be reported in the literature. 

Case Report. H. L., a 79-year-old white man, was admitted to this 
hospital on March 17, 1939, with the cloief complaint of abdominal distention 
and vomiting of 4 da 3 '^s’ duration. On physical examination he appeared to 
be an acutely ill old man. Abdomen was markedly distended, but not 
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tender. Basal rales were heard in the left lung. (T. 100 ° F. ; P., 100 ; R., 24 ; 
B. P. 164/100) . Bbod examination on admission showed a leukocyte count 
of 19,000 per cc. (84% neutrophils). Bloo'd chemistry: glucose, 144.6 mg.; 
urea nitrogen, 24.4 mg.; non-protein nitrogen, 49.4 mg.; and creatinine, 
2.7 mg. per 100 cc. The icteric index was 10.1 units with a direct immediate 
positive van den Bergh. _ _ . , , 

A diagnosis of partial low intestinal obstruction and pulmonary conges- 
tion was made on admission, and treatment was at first directed towards 
the relieving of the intestinal obstruction. On March 20, the 3rd day after 
admission, the pulmonary findings became more pronounced and a diagnosis 
of pneumonia was made. On March 22, sulfapyridine therapy was started. 
The first dose of 1 gm. was given at 10 p.m. Thereafter, for the following 
2 days, the drug was given in doses of 1 gm. 4 times a day, until a total of 
8 gm. was consumed by the end of the 2d day. On March 25, the patient 
began to show an anemia and his skin took on a yellow hue. 

Bbod examination that day showed a marked drop of hemoglobin and 
red blood cells. On March 23, the first day after sulfapyridine administra- 
tion, the hemoglobin was 80% and the erythrocyte count 4,000,000 per cc. 
On March 25, the hemoglobin fell to 58 % and the erythrocytes to 2,750,000 
per cc. Leukocjrfce count was 18,500 per c.mm. with 66% neutrophils, 2% 
metamyelocytes, 2% myelocytes and 30% lymphocytes. The erythrocytes 
showed marked anisocytosis, poikilocytosis and polychromasia, and con- 
tained 4% of nucleated forms. The urine became port-wine in color, was 
positive for blood and bile and contained 10% of packed coagulated ery- 
throcytes. 

Sulfapyridine was immediately discontinued and a continuous intra- 
venous administration of 5% glucose and saline was begun. The bbod on 
the following day, March 26, showed an icteric index of 20.5 and on 
March 27, it rose to 30.5, with an immediate direct positive van den Bergh. 
The blood glucose was 421 mg.; urea nitrogen, 222; non-protein nitrogen, 
258; and creatinine 8.86 mg. %. The sulfapyridine content of the blood 
was 11.5 %. Leukocyte count was 26,000 per c.mm. with 65% neutrophils. 
The nucleated red blood cells increased to 8%. The temperature rose to 
102.5° F. Pulse varied between 100 and 115 and respiration between 20 and 
26 per minute. In spite of the discontinuation of the drug, the patient 
passed into a semi-stuporous state and his jaundice deepened. The following 
day, March 26, two transfusions of 250 cc. and 500 cc. of citrated blood, 
respectively, were given with no untoward effect. The following day, March 
27, 9 days after admission, the uremic state deepened, and at 3 p.m., 65 hours 
after administration of sulfapyridine, he died. He had complete anuria for 
36 hours preceding death. 

Autopsy (3 hours after death) revealed the following pertinent findings: 
jaundice of skin, conjunctivae and viscera; partial intestinal obstruction in 
the r^ion of the ascending colon caused by a fibrous band; suppurative 
bronchitis, emph 3 ’’sema and basal atelectasis and sclerosis of coronary 
vessels. The kidneys were moderately enlarged. They weighed 175 gm. 
and measured about 12 by 5.5 by 3 cm. each. Capsule stripped with ease, 
burface was finely granular. On section, throughout the cortex and medulla, 
and especially at the cortico-medullary junction, there were numerous 
brownish specks arranged in coalescent longitudinal streaks which made 
the outline of the rays prominent. 

Microsmpically , the most profound changes were found in the kidneys 
and the liver. The kidneys (Figs. 1-5) showed the majority of the tubules 
to plugged with collections of goIden-yeUow or brownish pigment casts 
or hemosiderimladen macrophages and clumps of granular “shadow” 
erjjhrocytes. This was mostly noted in Henle’s loops, the recurring limbs 
and collecting tubules. In manj'’ tubules (Figs. 2, 3), the free and intra- 
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cellular pi^ent plugged and distended the lumen's causing pressure atrophy 
and thinning of their lining epithelium. In a smaller number (Fig. 3), the 
tubular epithelium contained coarse brownish hemosiderin granules within 
the cytoplasm, and the cells, including the nuclei showed varying stages of 
degeneration. Beginning calcium deposition around few tubular casts 
were noted (Fig. 4). No evidence of tubular regeneration was found. 
The proximal portions of the tubules were widely dilated (Fig. 5.) The 
glomeruli showed relatively few changes compatible with those found in the 
aged. The liver (Fig. 6) showed patchy cytoplasmic vacuolization, with a 
tendency towards central localization. The Kupffer cells were increased 
in number and loaded with hemosiderin pigment. In the spleen, the 
reticulo-endothelial elements were very prominent and contained abundant 
hemosiderin pigment. The bone marrow showed a moderate degree of hy- 
perplasia of the erj’’thropoietic elements. Prussian blue stains demonstrated 
the presence of iron-containing pigment in the tubular casts, the Kupffer 
cells, the reticulo-endothelial elements of the spleen and, to a lesser degree, 
in the liver cells, and occasionally in the epithelium of the renal tubules. 

Pathologic Diagnosis. Acute hemolytic anemia with hemosiderosis of 
the liver, spleen and kidneys; fatty degeneration of Uver; widespread ob- 
struction of renal tubules (mainly of Henle’s loops, recurring limbs and col- 
lecting tubules), with secondary dilatation of proximal tubules and a mod- 
erate degree of tubular degeneration; moderate vascular nephrosclerosis; 
sclerosis of coronary vessels with patchy myocardial fibrosis; partial ob- 
struction of ascending colon, caused by bands of adhesions, as a sequela 
of a prostatectomy operation; chronic suppurative bronchitis, pulmonary 
emphysema and bilateral basal atelectasis; moderate hyperplasia of the 
bone marrow. 

Discussion. As far as we could ascertain, this appears to be the 
first reported fatal case of acute hemolytic anemia occurring during 
sulfapyridine treatment. In evaluating the exact cause of death in 
our case, we cannot lose sight of several contributory factors which 
were present. The co-existing partial and moderate intestinal 
obstruction and the senile, “decrescent” cardiovascular and renal 
lesions, though, -per se, rather moderate, deserve special considera- 
tion. The intestinal obstruction was undoubtedly the cause of 
the moderate retention of the nitrogenous products in the blood on 
admission. However, after careful consideration of the gross and 
microscopic findings, we are prepared to relegate it to a minor place, 
especially since under treatment the signs of obstruction subsided 
considerablj^ On the other hand, the sudden and dramatic onset 
of the acute hemolytic anemia, with its resulting complete renal 
shut-down, as so clearly demonstrated >by the tubular blockage, 
coupled with the severe liver damage, leave no doubt in our mind 
that it was sulfapyridine which was directly and mainly responsible 


Legends fob Figs. 1, 2 and 3. 

Fig. 1. — Kidney showing plugging of tubules, mainly in the medulla and cortico- 
medullary junction and secondary dilatation of the proximal portions of the tubules 
in the cortex. (X 12.5.) 

, Fig, 2. — Kidney showing plugging of tubules in the medulla with pigment casts 
and secondary pressure atrophy of the tubular epithelium. (X 100.) 

Fig. 3. — Kidney showing in addition to plugging of lumen of tubules with hemo- 
globin pigment and shadow erythrocytes also hemosiderosis of the epithelium and 
various stages of necrosis of the epithelium proper. (X 300.) 



Fig. 3 







Fig. 6 Fig. 7 

Fig. 4. — Calcium deposition on a pigment cast in one tubule. (X 450.) 

Fig. 5. — Secondarj’ dilatation of the proximal convoluted tubules in the cortex and a 
few plugged distal segments of the tubules. (X 450.) 

Fig. 6 . — The lii-er showing fatty degeneration with a tendency towards localization 
in the central part of the lobule. (X 25.) 

Fig. 7. — The kidney after death due to transfusion with incompatible blood, show- 
ing plugging of tubules with hemoglobin pigment and secondarj' thinning of tubular 
epithelium. (X 450.) 
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for the death of the patient. The other factors enumerated above 
can, at most, be considered as contributory. 

Reviewing the literature®-®>®-““i®'^®'^® on acute hemolytic anemia 
due to the closely allied drug, sulfanilamide, it is seen that, under 
prompt treatment, which consisted mainly of transfusion and imme- 
diate withdrawal of the drug, recovery took place in most of the 
patients. 

There is only one recorded fatal case of acute hemolytic anemia 
caused by sulfanilamide (Wood^O- ^ comparison of Wood’s case 
with our own reveals several interesting similarities. The jaundice 
and anemia were noted in both cases on the third day of adminis- 
tration of the drug. The necropsy findings in Wood’s patient are 
similar to ours, being mainly those of hemolytic anemia with hemo- 
siderosis of liver, spleen and kidneys and blocking of the kidney 
tubules with hemoglobin casts. However, no stress is laid in Wood’s 
report on the tubular obstruction, nor are there any blood chemistry 
figures available for study of the renal function. 

It is interesting to note that the time interval of 3 days for the 
onset of the anemia in our case was about the same as that observed 
by Long.“ He also found that this had no relation to the total 
amount, nor to the size of the individual doses of the drug adminis- 
tered. 

The renal lesion and even the clinical features of our case bear 
a striking similarity to those seen in some of the patients who die as 
a result of transfusion with incompatible blood. The latter exhibit 
also all the features of true renal insufiiciency with widespread 
changes in the renal tubules and hemosiderosis of the liver and the 
reticulo-endothelial system. They also show either a blocking 
of the distal segments of the tubules by pigment casts and secondary 
dilation of the proximal portions, or varying degrees of degenerative 
changes in the tubular epithelium itself. 

An even more striking similarity with the anatomic findings in 
our case is seen in those of experimental renal insufiiciency, as 
obtained by DeGowin and his associates.^ The majority of their 
dogs, who died from renal insufficiency, as a result of injection with 
a solution of canine hemoglobin, showed pathologic lesions that are 
almost identical with those in our case, as well as in a number of 
reported deaths after transfusion and in one case after quinine 
administration. (Bordley f Goldring and Graef ; ® Baker and Dodds f 
Witts;-® Shera;^® Ravid* and Terplan and Javert.^®) The main 
lesion in all these was obstruction of the tubules by hemoglobin 
pigment (Fig. 7). The other lesion, namely necrosis of the tubular 
epithelium, which in some transfusion cases, as well as in a number 
of DeGowin’s dogs, was more prominent, was also seen in our case, 
but only to a lesser degree. 

* Ravid, J. M.; A case of death following transfusion with incompatible blood, 
in a woman of 42 (unreported). Microphotographs of the kidney of this patient 
accompany text (Fig. 7). 
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We can, therefore, conclude from the anatomic lesion in our case, 
that the tubular obstruction and, to a lesser degree, the degenerative 
changes in the tubular epithelium, were the salient factors in the 
mechanism of renal insufficiency and uremia. 

Recently, 3 cases of “hematuria, abdominal pain and nitrogen 
retention, following sulfapyridine administration” were reported 
b;)" Southworth and Cooke.^'^ In commenting on their cases, the 
authors state that “the mechanism underlying the development 
of these complications has not definitely been determined.” 

It seems to us, that in the light of the anatomic findings in our 
case, coupled with those in the case of Lawrence’” in man, and in 
the experimental work of Oakley.’^ Antopol and Robinson’ and 
Gross, Cooper and Lewis, ^ who saw the formation of uroliths after 
the administration of sulfapyridine and prontosil, the pathogenesis 
of the above 3 cases can also be reasonably explained. The symp- 
tomatology of these cases, not excluding the one that simulated 
acute appendicitis, was clearly of renal origin, as it was accompanied 
or immediately followed by gross hematuria. The pain was most 
probably due to distention of the kidney as a result of varying 
degrees of urinary retention or to impaction by a freshly formed 
calculus along the urinary tract.* The main lesion, most likely, 
was a partial blockage of the renal tubules by crystals or hemoglobin 
pigment, as a result of hemolysis and perhaps also a certain degree 
of degeneration of the tubular epithelium as a direct nephrotoxic 
action of the drug. This in turn must have resulted, first, in hema- 
turia and, soon after, in suppression of urine, azotemia and uremic 
manifestations. The initiating process of this anatomic lesion, 
most likely, was either hemolysis or calculous impaction. At the 
same time, as seen in our case, in addition to the mechanical tubular 
blockage, another, so-called nephrotoxic factor, may have operated 
in their cases as well. It is also interesting to note that the dosage 
in these, as in other cases, was not a deciding factor. The total 
amount in all 3 cases was much higher than in ours (52 gm., 25 gm. 
and 10 gm. in authors’ cases, as against 8 gm. in our case.) 

Summary and Conclusions. 1, A case of fatal acute hemolytic 
anemia and uremia during the course of treatment with sulfapyri- 
dine, is reported here. It occurred on the third day of treatment, 
and only after a total of 8 gm. of the drug was consumed. 

2. The salient pathologic lesions, directly caused by sulfapyridine 
were twofold ; first, those secondary to the resultant hemoglobinemia 
and hemoglobinuria, viz., obstruction of renal tubules by hemoglo- 
bin pigment and its derivatives, and hemosiderosis of liver, kidney 
and the reticulo-endothelial system; and, second, those produced 

* The fact that the Roentgen rays were “negative” does not exclude the presence 
of calculi because, as pointed out by Antopol and Robinson,' the uroliths consisting 
of the acetyl derivative of sulfapyridine permit penetration by Roentgen rays. It 
is only when calcium is deposited about these concrements which act as a nucleus that 
their shell may become Roentgen ray opaque. 
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as a direct action on the hepatic and renal epithelia proper. The 
latter lesion was minimal in this case. 

3. The formation of urinary calculi must also be taken into ac- 
count in the summation of the toxic effects of sulfapyridine on the 
urinary apparatus in general. 

4. The clinico-pathologic picture, as induced by sulfapyridine, 
is not a syndrome sui generis for this drug alone, but appears to be 
analogous with those encountered in deaths after transfusion with 
incompatible blood, in blackwater fever, paroxysmal hemoglobin- 
uria and poisoning with certain chemicals. 

5. Careful daily observations of the patient, especially of the 
aged, with regard to the blood picture and the renal function, and 
the immediate discontinuance of the drug upon the detection of any 
deleterious effects on the kidneys and blood, should, among other 
things, be guiding principles in the treatment with sulfapyridine. 
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In the ordinary course of treatment of pneumococcic infections 
with sulfapyridine one frequently encounters situations which make 
the oral route of administration either impractical or impossible. 
Experience here and elsewhere has shown that nausea and vomiting 
may assume such troublesome, and sometimes even such serious 

* Formerly Assistant Resident in Medicine at the New Haven Hospital and 
Assistant in Medicine at the Yale School of Medicine, New Haven, Conn. 
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proportions as to prevent effective use of the drug by mouth. Fur- 
thermore, special occasions arise in which it is difficult to effect 
satisfactory therapy per os. Among these situations may be: 1, 
the treatment of comatose patients; 2, the treatment of any urgent 
condition which requires an immediate, adequate, therapeutic'blood 
level; and 3, the raising of the drug concentration in a localized 
area to a level equal to or higher than that in the blood, as, for 
instance, in the subarachnoid space of patients with meningitis. 

A number of metliods have been employed to obviate the above- 
mentioned difficulties. Almost every clinical investigator has men- 
tioned some mode of administration which he believed would over- 
come the commonest of the ill-effects, namely, the nausea and 
vomiting. Early were mentioned the use of some soft food such as 
applesauce, of soda bicarbonate, or of milk. Later, rectal instilla- 
tions of the drug were employed but without sufficient benefit to 
warrant their continued trial. Here we resorted to tablets coated 
with salol. In a few cases there was some slight alleviation of the 
gastric distress, but this improvement was hardly universal enough 
to be called satisfactory. Still later we resorted to the administration 
of 20 to 30 cc. of colloidal aluminum hj'droxide just preceding each 
dose of pills. Again the adjuvant seemed to help the occasional patient 
but in many cases it only served to increase vomiting. Whitby’ 
and later Hobson and McQuaide’ suggested the use of an oily sus- 
pension of sulfapyridine for injection into those patients who, by 
virtue of their upset stomach or of their comatose condition, were 
unable to take the drug by mouth. Long- pointed out the objec- 
tions and dangers of this method. Recently Marshall and Long® 
have advocated the use of the sodium salt of sulfapyridine by the 
intravenous route, in order to maintain a satisfactory blood con- 
centration in the face of these obstacles. 

With the exception of the sodium salt, with which we have had 
no experience, none of the suggested methods of altering the mode 
of administration to lessen the unpleasant side reactions has proven 
entirely satisfactory in our hands. In general, the incidence of 
nausea and vomiting does not seem to have been materially altered ; 
the oft-mentioned “irregularity of absorption” does not seem to 
have been obviated and the patient does not seem to have been 
relieved of disturbing treatments. Comatose and other severely ill 
or unresponsive patients have still presented a definite therapeutic 
problem with respect to a quick attainment of an effective concen- 
tration of the drug in the blood. Furthermore, in the case of dia- 
betics and cardiacs with pneumonia it has been almost imperative 
to find some metliod of giving the medication with a minimum of 
ill-effects. 

Experimental. Early in our work with pneumonia patients we 
attempted to give sulfapyridine* by hypodermoclysis. A few e.x- 

* The sulfapyridine powder used was obtained through the courtesj' of Merck & Co. 
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periments with animals served to show that, when the drug was 
introduced as a solution under the skin, there was no evidence of 
local tissue damage. We then observed that adequate blood levels 
could be maintained by the parenteral route alone; that the dosage 
required to produce a therapeutic effect was somewhat smaller than 
the usual oral dose. We therefore investigated the solubility of 
the pure powdered sulfapyridine, using several concentrations of 
the drug in a number of different solutions. The object throughout 
this work was to find a fluid suitable for parenteral administration 
which, at the same time, would carry more than the orthodox 
1 gm. of sulfapyridine per liter. Added impetus was given this 
work by the successful treatment of 2 comatose cases of pneumo- 
coccus meningitis. This treatment was, of necessity, entirely by the 
parenteral paths for the first few days. 

The results of our solubilitj'' studies on sulfapyridine are shown in 
Table 1. 

Table 1. — Solubility of Sulfapyridine. 


Amount of sulfapyridine found dissolved when analyzed. 


Amount of 
sulfapyd. 
added to 

100 CO. of 
solvent, 
em. 

Distilled 

water 

20° C. =t 

6 hrs., 
gm. 

Saline 

.085% 

16° C. =*= 

8 hrs., 
gm. 

.85% saline 
5% glucose 
16° C. * 

20 hrs., 
gm. 

Saline 

.85% 

37° C. 

8 hrs., 
gm. 

Glucose 

5% 

16° C. ± 
24 hrs., 
gm. 

.85% saline 
5% glucose 
25° C. ± 

4 days, 
gm. 

0.050 





0.047 






— 

0.094 

— 


0.141 

0.157 

0.154 

— 

0.143 

— 


0.141 


0.174 


0.187 

0.187 




0.163 


0.224 

0.245 






0.239 

0.279 


It will be seen from these observations that the solubility of 
sulfapyridine is a function of at least two different factors: 1, the 
type of solvent; and 2, the temperature of the solution. At first 
it was thought that the increased solubility in glucose might have 
been due to a combination of the drug with the sugar but deter- 
minations of the glucose content of the solutions before and after 
the addition of the drug failed to show any significant variation in 
glucose concentration. Furthermore, since the amounts of sulfa- 
pyridine recovered from the solutions analyzed approximated so 
closely those which had been introduced, it seemed evident that if 
any combination had been effected between the glucose and the 
sulfapyridine, it must have been so loose as to be unimportant. 

For the administration of sulfapyridine parenterally it is clear 
from these solubility studies that a 0.15% solution in 0.85% saline 
or a 0.2% solution in 5% glucose solution or in equal parts of nor- 
mal saline and 5% glucose solution is practical, and such has 
proved to be the case, provided the solutions are not allowed to 
cool below room temperature. 
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Methods. The method used in preparing these solutions for analyses 
was identical with that which we have been using in the preparation of the 
suhapyridine for therapeutic purposes. A weighed amount of the powdered 
drug was poured into the desired volume of the hquid to be tested or used. 
This liquid had been brought to the boiling point just before the addition 
of the powder. The mixture was shaken vigorously until all the powder 
had gone into solution, usually for 1 or 2 minutes. (Occasionally it seemed 
expedient to heat the mixture again to the boiling point in order to facih- 
tate complete solubility.) The solution was then allowed to cool for 6 to 
8 hours or until it had reached room temperature. Portions of these 
mixtures were then analyzed for their sulfapyridine content. (Therapeuti- 
cally the solutions were generally cooled fairly rapidly to the desired tem- 
perature.) 

The determinations were made ndth a modification of the sulfanilamide 
method described by Marshall and Litchfield."* 

1. To 20 cc. of a 1 to 20 dilution of oxalated blood in water are added 
.5 cc. of 15% trichloracetic acid. 

2. To 1 cc. of a 1 to 8 dilution of the standard aqueous 10 mg. % solution 
of sulfapjrridine are added 2 cc. 15% trichloracetic acid and 7 cc. distilled 
water. (This ultimate dilution contains 0.0125 mg. sulfap 3 Tidine and is 
suitable for use with blood levels of 1.5 to 4.5 mg.%. Other dilutions may 
be made by varying the volume of 1 to 8 dilute standard, adding the acid and 
then making the volume up to 10 cc.) 

3. To 10 cc. of blood filtrate or acidified standard are added 1 cc. of fresh 
0.1% sodium nitrite. 

4. After 3 minutes add 1 cc. of the molar sodium acid phosphate buffer 
containing ammonium sulfamate."* 

5. After 2 more minutes add 5 cc. of alcoholic dimethyl alpha naphthyl- 
ainine (1 cc. of dimethyl naphthylamine in 250 cc. 95% ethjd alcohol). 

6. Wait 10 minutes and then compare in a colorimeter. 

The error in this method was determined to be between 2 and 4 % when 
calibrated instruments were used and the fluids analj'zed were diluted to 
contain no more than 15 mg, % of sulfapyridine. 

The solutions were observed to assume a pale golden color upon standing. 
Whenever the sulfapyridine precipitated out, it seemed to carry more and 
more of the substance with it so that after a day or two a considerable clump 
of powder could be visualized on the bottom of the flasks. However, when 
solution was complete, the sulfapyridine remained dissolved for several days. 
Aerobic and anaerobic cultures of such fluids were found to be sterile. 

Clinical Application. In tlie present series there are 43 cases 
which have received sulfapyridine parenterally, as shown in Table 2. 
In Table 3 are given the 16 cases which received sulfapyridine by the 
parenteral route exclusively except in 2 cases which received some 
oral treatment. 

Table 2. — Cases Treated With Parenteral Sulfapyridine. 

Intravenous alone 2 

Intravenous plus subcutaneous 4 

Subcutaneous alone 

Subcutaneous supplementary to oral 27 

Total 43 

We have had no difficulty in maintaining adequate blood levels 
by this method even over periods of a week or more (Cases 99 and 
97). Furthermore^ we have had an opportunity to study the 
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favorable therapeutic I’esponse which may be attained b}^ this 
method of administration (Cases 103, 109, 96; Charts 1-A and 1-5). 
In addition to the subcutaneous and intravenous routes, we have 
introduced the solution routinely into the subarachnoid space in 
our cases of meningitis, and in 2 cases of empyema we have re- 
placed the empyema fluid by a slightlj’- smaller quantity of sulfa- 
pyridine solution. 

The fundamental plan of therapy has been to administer the drug 
to the extent of 6 gm. in the first 24 hours and then to maintain 
the blood concentration by means of 4 gm. daily thereafter. For 
this purpose in almost every case the sulfapyridine was made up in 
2-gm. lots. Each 2-gm. portion of the drug was contained in 
1500 cc. of normal saline, in 1 liter of 5% glucose, or 1 liter of 
aliquot portions of normal saline and 5% glucose. The desired 



(A) (B) 

Chart 1. — Patients treated exclusively with parenteral sulfapyridine. 


daily total could then be administered in as many individual treat- 
ments as seemed indicated. However, with each patient we tried 
to space the injections equally throughout the 24 hours; that is, 
every 8 hours (for 3 injections) or every 12 hours (for 2 treatments). 

As can be readily seen in Chart 2-A, after an initial dose of 2 gm. 
the peak level of sulfapyridine in the circulation is attained at 
different times, depending on the route employed. The intravenous 
route gives its highest readings immediately after the solution has 
been introduced. On the other hand, hiTiodermocIysis affords its 
optimum level from 2 to 4 hours after the treatment has been 
completed. These levels compare more than favorably with the 
levels obtained by Schmidt and Hughes® and by Long® after an 
oral dose of 2 gm. or more of sulfapyridine. 

It occurred to us that if the above observations were valid, it 
would be decidedly more efficacious to inaugurate the therapy in 
critical cases by a combination of these two approaches. Accord- 
ingly, 2 cases were treated as follows: After the type of pneumo- 
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COCCUS had been determined and the method of administration had 
been decided, a clysis of 2 gm. of sulfapyridine in 500 cc. of normal 
saline and 500 cc. of 5% glucose was started. While this solution 
was being absorbed, 2 gm. of sulfapyridine in 1000 cc. of 5% glucose 
were given intravenously. Chart 2-A shows that the sulfapyridine 
concentration in the blood is maintained at an almost constant level 
with the combined therapy. A priori, this procedure would cer- 
tainly seem preferable to the others outlined. 

However, in all fairness, it must be stated that, if it is desired to 
use one method exclusively, satisfactory blood levels may be main- 
tained by giving the initial treatments oftener than every 12 hours. 
In this way accumulation of the drug occurs. Chart 2-B shows 



Chart 2. — Blood levels of patients treated with parenteral sulfapyridine. Initial 
dose, 2 gm.; 2 gm. by each route in combined treatment. ( f indicates second dose 
of 2 gm. of sulfapyridine.) 


such a procedure carried out by the intravenous route. In this 
case (No. 103) the second infusion of sulfapyridine was given about 
10 hours after the first. Whereas, the figures for the 2-, 4- and 8- 
hour levels correspond very closely with those given for the single 
intravenous dose in Chart 2-A, the levels in the second 8-hour 
period were very much higher. Thereafter the blood concentration 
was readily maintained by injections every 12 hours (Table 3). 

To date we have had only one local reaction following sulfapyri- 
dine given in the above described manner. One patient developed 
thrombophlebitis of the superficial thigh veins adjacent to the site 
of the injection. It seems likely that there was an error in tech- 
nique to account for this accident, for nothing of a similar nature 
appeared in the opposite leg where concomitantly some of the same 
solution was being run in from the other arm of the “Y” tube of 
the same clysis set. Furthermore, Ave have observed no immediate 
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reactions sucli as chills or vascular collapse. Thus far no serious 
drug reactions have occurred in any of the cases that have been 
treated by the parenteral methods alone. At the moment it is not 
clear whether this is merely a fortuitous circumstance dependent 
on the small number of cases comprising this particular group. 
In general, it is fair to say that nausea and vomiting have been 
somewhat less severe, but by no means eliminated when the drug 
is administered parenterally. However, it ought to be stated that, 
in the few analyses which have been performed on the vomitus of 
patients who have received only parenteral sulfapyridine, the con- 
centration of the drug in the vomitus has been appreciabl}^ higher 
than the level which was simultaneously observed in the blood. 
This fact would appear to leave somewhat in doubt the controversy 
as to whether the vomiting and nausea are of purely central or 
partially local origin. 

Case Reports. Case 99. — B. G., aged 41, female, white, admitted in 
state of acute alcoholism, March 19, 1939. Onset of pain in left lower 
chest with cough and fever 1 day before admission. Generalized convul- 
sions on day of admission followed by a shaking chill. In addition to acute 
alcoholic delirium and gastritis, examination showed physical signs and 
Roentgen ray evidence of left lower lobe pneumonia. Type III pneumo- 
coccus was obtained from sputum. Sulfapyridine was given by clysis and 
temperature fell by crisis to normal after 32 hours of therapy. Forty-eight 
hours later temperature rose sharply to 104° F. and then fell gradually to 
normal over a space of 60 hours. Blood levels are tabulated in Table 3. 
Patient recovered. Sulfapyridine was stopped after 9 days. 

Case 97.— McL. D., aged 40, male, white; diagnosis of subacute bacterial 
endocarditis due to streptococcus was established March 17, 1939. Oral 
therapy with sulfapyridine produced intractable nausea and vomiting so 
the drug was administered by clysis and infusion. Temperature fell 
promptly to normal and remained flat for 6 days. Finally patient began 
to have gradually increasing amounts of fever so drug was stopped after 
10 days and blood cultures became positive again. 

Case 109. — F. L., aged 39, male, white; late in evening of March 23, 1939, 
patient had sudden pain in left chest followed by cough, pink sputum and 
a mild chill. On admission 10 hours later, patient appeared prostrated 
and critically ill. Type XII pneumococcus was obtained from sputum and 
blood culture. Patient was put in an oxygen tent and the first dose of 
sulfapyridine was given intravenously. Subsequent doses were by clysis. 
Temperature fell by crisis in 24 hours. Blood cultures taken after therapy 
was started were sterile and patient made an uneventful recovery. Sulfa- 
pyridine was given for 4 days (Chart \-B). 

Case 96. — L. S., aged 40, male, white; on March 16, 1939, patient had 
severe chills, fever and pain in right lower chest. He was admitted the next 
day at which time, in addition to moderately severe diabetes mellitus, signs 
of right middle lobe consolidation were discovered. Type I pneumococcus 
was isolated from sputum. Sulfapyridine was administered entirely by 
clysis. Blood culture was positive on admission and remained positive 
for 1 day after inauguration of drug therapy but temperature fell to normal 
in 32 hours and patient improved markedly. Clyses of sulfapyridine were 
given for 5 daj's and diabetes was readily controlled by insulin and diet 
(Chart 1-A). 

Case 103.— G. W., aged 59, male, white; on March 20, the seventh day 
after the diagnosis of pneumonia had been made, blood culture became 
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positive for Type V pneumococcus, about 150 col/cc. Up to this time 
several attempts to type a pneumococcus from the sputum had yielded only 
a very heavy growth of hemolytic Staphylococcus aureus. Patient ap- 
peared almost moribund and W.B.C. had dropped from 15,000 to 4800 in 
3 days. Intravenous therapy was instituted for 6 days. Blood cultures 
became negative. W.B.C. rose and -patient began to improve after about 
48 hours. Patient later developed a lung abscess from which hemolytic 
Staphylococcus aureus and a few Type V pneumococci were obtained. 
Recovery has been slow. 

Summary. We have presented a method of administering sulfa- 
pyridine parenterally which we deem quite satisfactory. One dis- 
advantage of the method might appear to be the relatively large 
volume of fluid which must be used in order to put the desired 
quantity of sulfapyridine into solution. On the other hand, we 
have demonstrated by actual trial that such volumes may be given 
safely to almost any case when necessary. The method will main- 
tain adequate therapeutic blood levels. It will provide adequate 
fluids, salt and glucose at a time when they are often needed either 
because of persisting vomiting or inadequate intake in delirious or 
comatose patients. It can be given without fear of slough or other 
reactions such as may follow the use of the extremely alkaline 
sodium sulfapyridine. Furthermore, it may be given into any part 
of the body where needed, such as the veins, the subcutaneous tissue, 
the pleural cavities or the subarachnoid space. 

We are indebted to Miss Barbara Gallup for assistance in determining blood 
concentrations of sulfapyridine. 
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OBSERVATIONS ON THE PHARMACOLOGY AND TOXICOLOGY 
OF SULFATHIAZOLE IN MAN. 
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SULFATHIAZOLE, t 2-(p-aminobenzenesulfonamido) thiazole, syn- 
thesized by Fosbinder and Walter'* and Lott and Bergeim,^ is the 
thiazole analogue of sulfapyridine. The report of Van Dyke, Greep, 

* With the collaboration of S. Brandt Rose, M.D., and Jefferson H. Clark, M.D. 
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Rake, and McKee'^ showed that sulfathiazole is more rapidly metab- 
olized by mice, rats, and monkeys, and undergoes less conjugation 
in rats and monkeys than sulfapyridine. These workers found that 
the drug administered with the food of mice was no more toxic than 
sulfapyridine when the dose was kept at therapeutic levels. Further- 
more, sulfapyridine given to rats and monkeys for 14 to 57 days 
was found to be more toxic than sulfathiazole. IVhen the sodium 
salts of the two drugs were used, sulfathiazole appeared to have 
about 65% of the toxicity of sulfapyridine for LD50. The principal 
toxic effect was the occurrence of albuminuria and hematuria in 
some animals. 

The therapeutic effectiveness of sulfathiazole against experimental 
infection has been investigated by McKee, Rake, Greep, and Van 
Dyke.® If sulfathiazole or sulfapyridine sufficient to make 1% of 
the diet was fed to mice infected with pneumococcus (9 tj'pes), 
meningococcus, hemolytic streptococcus, or the agent of lympho- 
granuloma venereum, the therapeutic effect of sulfathiazole was 
equal to that of sulfapyridine. Further studies by this group as well 
as by Barlow and Homburger^ suggested that sulfathiazole was more 
effective than was sulfapyridine against staphylococci. 

The present report offers certain observations dealing with the 
pharmacology and toxicology of sulfathiazole in humans. Two 
groups of experiments were conducted, those in whieh a single dose 
of the drug was administered orally, intravenously, or rectally, and 
those in which multiple doses were administered over a period 
of days. 

Methods and Material. Sulfathiazole was determined by the method of 
Marshall and Litchfield,® hemoglobin by the method of Sanford, Sheard, 
and Osterberg,“ and urea in blood and urine by the method of Karr.® Urea 
clearance was calculated on the basis of 24-hour collections of urine. Pre- 
liminary trials demonstrated that sulfathiazole added to blood could be 
determined satisfactorily by the Marshall and Litchfield method. Slight 
losses, not exceeding 5%, occurred during the determination of total 
sulfathiazole. 

The effects of the administration of single doses were studied in a group 
of 9 patients. Five (Cases 5 to 9) were convalescing from pneumonia but 
had been afebrile at least 7 days and had received no sulfonamide medica- 
tion for at least 5 days. Two (Cases 1 and 2) were suffering from skin 
lesions of a moderate character (varicose ulcer and neurodennatitis) and 
2 (Cases 3 and 4) were awaiting discharge from the hospital following 
uncomplicated herniorrhaph 3 ^ 

The effects of continued administration of the drug was studied in 14 
patients suffering from pneumonia; 83 patients undergoing treatment with 
sulfathiazole have been observed for possible toxic manifestations. 

Eesults. 1. Oral Adminisiration. Each of 6 subjects was given 
a single oral dose of 3 gm. of sulfathiazole shortly before a breakfast 
consisting of cereal, bread, milk, and canned fruit. ^ It is evident 
from TaWe 1 that absorption from the gastro-intestinal tract was 
rapid. Within 1 hour, the concentration of free sulfathiazole in the 
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Table 1. The Fate of Sulfathiazole Ahministebed by Vabious Routes. 


Patient. 

Date. 

Drug, 
gm. . 

Hours 

after 

admin. 

Blood. 

Urine. 


Hb, 

gm. 
per 
100 cc. 

Sulfathiazole. 

Vol- 

ume. 

cc. 

Free. 

Total. 

Free. 

Total. 

Ex- 

creted. 

gm. 

Mg. per 100 cc. 


1939 











1. A.M. . . . 

Dec. 19 

3 

0 











(oral) 

1 

9.3 

1.5 

2.0 









2 

8.5 

1.5 

2.0 









4 

7.3 

2.3 

3.6 

68 

96 

.188 

196 





6 

8.5 

3.5 

3.5 









8 

9.3 

4.6 

4.7 

225 

235 

.550 

234 



20 


24 

9.6 

1.2 

1.2 

65 

115 

1.010 

870 


2. B.R. ... 

19 

3 

0 











(oral) 

1 

12.0 

1.2 

1.2 









2 

12.4 

4.8 

5.3 









4 

11.5 

i 4.5 

4.8 

125 

150 

.525 

350 





6 

12.0 

3.4 

4.0 









8 

12.0 

3.2 

3.3 

17.5 

200 

,060 

30 



20 


24 

12.0 

1.2 

1.3 

63 

85 

1,270 

1490 



1940 











3. C.G. . . . 

Jan. 4 

3 

0 











(oral) 

1 

14.8 

5.0 

5.2 



i 






2.5 

14.8 

5.0 

5.6 









4 

14.0 

4.0 

4.7 

ISO 

192 

.332 

172 

Crystals 



1 

6 

14.0 1 

2.6 

3.8 









8 

13.6 

2.0 

1 3.2 

295 

350 

.595 

1 113 

Crystals 


5 


24 

14 0 

1.2 

1.5 

180 

275 

1.790 

650 

Crystals 

4. S.W. . . . 

4 

3 

0 











(oral) 

1 

14.8 

5.0 

5.0 




! 





2.5 

14.8 

6.3 

1 8.5 




1 1 


1 



4 

14.8 

5.7 

5.9 

62 

62 

.068 

108 




1 

6 

14.4 

3.6 

4.9 









8 

14.4 

1.0 

2.4 

562 

637 

1.340 

210 



5 


24 

14.4 

1.4 

1.5 

100 

no 

1.400 

1275 


5. A.W. . . . 

23 

3 

0 











(oral) 

1 

13.2 

4.5 

5.0 









2 

13.2 

5.5 ' 

6.5 









4 

13.2 

4.7 

6.0 

135 

162 

.814 

500 





G 


4.2 

5.7 









8 

13.2 

2.0 

2.7 

185 

282 

.764 

270 



24 

. , 

24 

13.2 

0.0 

0.0 

75 

135 

1.130 

825 


6. G.B. . . . 

23 

3 

0 











(oral) 

1 

14.4 

2.3 

3.0 









2 

14.4 

5.0 

6.4 







1 


4 

14.4 

4.4 

6.4 

25 

32 

.228 

70 





6 

14.4 

2.5 

4.4 









8 

14.4 

2.1 

3.2 

182 

270 

1.180 

435 



24 


24 

14.4 

0.0 

0.0 

67 

142 

1.330 

930 


7. C.P. . . . 

10 

Before; 

, , 

13.6 

0.0 

0.0 








3.4 

0 











intra- 

0.25 

1 13.2 

8.8 

9.8 








ven. 

0.5 

12.7 

7.3 

8.0 








as 

1 

12.7 

5.5 

6.5 








sodium 

2 

12.4 

4.3 

5 0 








salt 

4 

11.1 

3.3 

4.0 

475 

562 

1.460 

260 





8 

12.4 

2.0 

2.0 

112 

142 

.968 

680 



11 


24 

12.7 

0.0 

0.0 

37 

55 

.666 

1210 


S. A. L. • . ■ 

10 

Before; 

, . 

11.1 

0.0 

0.0 








3.4 

0 











intra- 

0.2: 

i 11.1 

15.0 

17.0 








ven. 

0.5 

11.1 

13.5 

14.2 








as 

1 

10.4 

' 10.6 

11.3 








sodium 

2 

10.4 

8.1 

9.2 








salt 

4 

10.4 

6.3 

7.2 

465 

500 

.830 

166 





8 

10.4 

3.3 

4.4 

317 

427 

.720 

168 


9. R.U. . . . 

11 

30 

3 

24 

0 

11.1 

0.7 

1.2 

167 

240 

1.560 

050 




rectal 

1 

15.6 

0.7 

1.0 








as 

2 

15.6 

1.0 

1.3 








sodium 

4 

15.6 

l.O 

1.4 

35 

42 

.128 

300 




salt 

6 

15.2 

0.6 

1.0 









8 

15.2 

0.4 

0.7 

25 

35 

.088 

250 


- . 

31 

" 

24 

15.2 

0.0 

0.0 

15 


.161 

645 
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blood reached or exceeded 4.5 mg. per 100 cc. in 3 of 6 subjects. 
In 5, the blood level continued to rise and reached a maximum 
value at the end of the 2-hour period. Concentrations remained 
above 4 mg. per 100 cc. for 4 to 6 hours. One patient (Case 1), 
aged 58, malnourished, and suffering from a varicose ulcer of the 
leg, differed from the remainder of the group. A dela 3 '‘ed rise to a 
maximum at 8 hours suggested impaired ability to absorb the drug. 
However, the maximal concentration at this time was almost the 
same as in the more nearty normal subjects. 

In this group of 6 the highest concentration of conjugated sulfa- 
thiazole in blood was 2.2 mg. per 100 cc. with a total sulfathiazole 
of 8.5 mg. per 100 cc. (Case 5). A few samples of blood and urine, 
especially those taken soon after the drug was given, contained none 
of the conjugated form. 

Excretion in urine accounted for 84 to 93% of the ingested sulfa- 
tliiazole within 24 hours in 4 subjects in the group (Table 1). Two 
others excreted about 60% in 24 hours. One of the latter was the 
patient (Case 1) showing delayed absorption of the drug. Crystals 
containing sulfathiazole and of acetylsulfathiazole precipitated from 
the urine of Case 3. Other patients have failed to show crj'^stals in 
the urine, although higher concentrations of both forms often have 
been observed. 

2. Intravenous Administration. Intravenous injection of sodium 
sulfathiazole into 2 patients (convalescent from pneumonia) gave 
recoveries of 96 and 97% of the drug in the urine in 24 hours 
(Table 1). This jdeld is within the experimental error of the method 
employed for sulfathiazole determination, so that only traces, if 
any, of the drug failed to be excreted in the urine. 

Changes in concentration of hemoglobin were significant in only 
one subject after sulfathiazole was given bj'' the oral route and in 
one following intravenous administration of sodium sulfathiazole. 
Presumabty such changes reflect alterations in blood hj'^dration, 
although confirmatorj’’ evidence is lacking. 

3. Rectal Administration. Absorption of sodium sulfathiazole 
administered by rectum was slow and far from complete. Only 
slightly more than 10% of a 3 gm. dose was found in the urine 
within 24 hours (Table 1). 

4. Effect of Continued Administration. In Table 2 are shown 
representative blood and urine studies of patients suffering from 
pneumonia who were receiving treatment with sulfathiazole. One 
or more specimens of blood and 24-hour collections of urine, when 
obtainable, were anatyzed daily for 1 to 12 days. Following an initial 
administration of 3 gm., 1 gm. of sulfathiazole w^as given at 4-hour 
intervals. (Certain patients received a second 3 gm. dose 4 hours 
after the first.) Blood specimens were collected at A'arious intervals. 
In 60 patients, including those in Table 2, concentrations of free 
sulfathiazole in blood during treatment varied from 1.2 to 19 mg. 
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Table 2. — Effect of Continued Oral Administration of Sulfathiazole. 


Patient. 

Date. 

Drug, 

gm. 


Blood. 





Urine. 



Time 
of day. 

Hb, 

m- 

per 

100 cc. 

Urea 

N. 

Sufathiazole. 

Vol- 

ume, 

cc. 

Sp.gr. 

Urea 

clear- 

ance, 

%of 

nor- 

mal. 

Free. 

Total. 

Free. 

Total. 

Mg. per 100 cc. 


1939 












10. J.B. 

Dec. 12 

6 

11.00 A.M. 

12.0 

7 

6.4 

7.5 

162 

175 

1285 

1.021 

102 




4.30 p.M. 

12.0 


3.0 

3.4 






11. W. M. 

11 

4 

7.30 

15.6 


2.2 

3.9 







12 

6 

11.00 A.M. 

13.6 

7 

6.0 

7.2 

145 

160 

2775 

1.018 

97 




12.30 P.M. 

15.2 


3.1 

4.0 









4.30 

12.0 


3.4 

3.8 







13 

6 

11.00 A.M. 

15.2 


5.5 

5.7 









5.00 P.M. 

12.4 

8 

3.2 

4.5 

225 

267 

1220 

1.014 

54 


14 

6 

11.30 A.M. 

15.2 

6 

3.1 

4.9 

250 

400 

1810 

1.013 

125 


15 

6 

11.00 

12.7 


4.0 

4.2 

107 

145 

1725 

1.016 



16 

0 

.... 

.. 




38 

40 

1680 

1.015 


12. M.B. 

11 

6 












12 

6 

11.00 

12.0 


11.4 

14.3 









12.30 p.M. 

14.4 

8 

8.5 

12.7 

275 

400 

1000 

1.018 

130 


13 

6 






435 

575 

330* 

1.020 



14 

0 






625 

875 

150» 

1.023 



15 

6 

i.oi) 

lio 


3.0 

LO 






13. F.H. 

14 

2 






325 

425 

525 

1.024 



15 

6 

1.00 

1^2 

7 

4.9 

5.7 

240 

350 

1060 

1,014 

48 


16 

6 


13.2 

6 

3.7 

4.6 

220 

300 

1440 

1.012 

124 


17 

6 


. . 




165 

248 

1695 

1.011 



18 

6 


. . 


, , 

, . 

185 

215 

1115 

1.012 



19 

6 


12.7 


3.5 

4.4 






14. J.C. 

Kov. 21 

6 

10.15 A.M. 



4.0 










12.00 p.M. 

. . 


3.0 








22 

7 



15 

3.0 

3.6 

156 

223 

800 

1.023 

128 

IS. M.J. 

29 

5 

9.30 A.M. 



3.7 

4.1 









11.00 



5.1 

6.5 







30 

6 












Dec. 1 

6 

12.00 p.M. 

7.7 

8 

4.0 

5.5 

257 

305 

1610 

1.011 

51 


2 

6 

10.00 A.M. 

6.9 

7 

4.5 

5.2 

162 

212 

2030 

1.012 

42 

16. W. W.' 

Nov. SO 

6 

11.30 A.M. 


, . 

3.6 

3.6 

240 

265 

1670 

1.023 

50 


Dec. 1 

6 


. . 

. . 

3.4 

3.7 

350 

410 

1575 

1.022 



2 

6 

10.00 

. . 

, . 

3.4 

4.7 

190 

212 

1850 

1.012 



3 

6 




, , 


190 

212 

4100 

1.011 

68 


4 

6 


18.4 

10 









5 

0 

«... 

U.O 


0.5 

0.8 







6 

6 












7 

6 

.... 

14.8 

9 

2.0 

3.6 

310 

365 

1735 

1.015 

159 


8 

6 


. 

. 

, . 


265 

352 

1065 

1.020 



9-10 

12 












11 

0 


15.6 


2.6 

3.5 






17. T. Q. 

5 

4 

3.00 p.M. 

10.8 

11 

5.5 

6.0 







6 

6 

7.00 

, 


4.8 

5.5 









2.30 

12.0 

8 

5.2 

5.4 

415 

737 

450 

1.021 

101 




5.30 

. 


4.6 

4.7 







7 

e 

11.00 A.M. 

11.1 

8 

4.2 

4.8 

306 

360 

« 

1.013 





4.30 p.M. 



4.1 

4.3 







8 

4 

11.30 A.M. 

10.4 


4.5 

5.8 







9 

6 

11.30 

10.0 

8 

4.4 

5.6 

257 

357 

2475 

1.010 

39 

18. F.M. 

10 

19 

0 

2 

10.30 

10.4 

7 

1.0 

1.4 

60 

79 

3360 

1.009 

34 


20 

6 

11.00 A.M. 

12.7 

20 

4.2 

4.2 







21 

6 

12.00 p.M. 

11. 1 

20 

3.6 

4.5 

405 

540 

1300 

1.019 

75 


22 

c 

4.00 

12.7 

12 

4.0 

4.2 

323 

415 

1200 

1.020 

33 


23 

6 

1.30 

12.7 

8 

3.6 

4.1 

213 

243 

1490 

1.016 

44 





. 


3.1 

3.4 

270 

317 

1490 

1.017 

60 


25 

0 


12.7 

• * 

0.2 

0.7 
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Table 2. — Effect of Continued Oral Administration of Sulfathiazole 

— Continued. 


Patient, 

pate. 

Prug, 

gm. 

Blood. 

Urine. 

Time 
of day. 

Hb, 
gm. 
per 
100 cc. 

Urea 

N. 

Sulfathiazole. 

Vol- 

ume, 

cc. 

Sp.gr. 

Urea 

clear- 

ance, 

%of 

nor- 

mal. 

Free. 

Total. 

FiYe. 

Total. 

Mg. per 100 cc. 


1939 












19. E.H. 

17 

5 


13.6 


4.S 

0.5 







18 

6 

11,00 A.M. 

13.2 

7 

3.1 

4,1 

300 

375 

1330 

1.022 



19 

6 

10.30 

17.2 

6 

4.2 

5.0 

165 

200 

1375 

t.0I2 

22 


20 

6 

11.00 

14.0 

20 

4.6 

5.4 

137 

192 

2700 

I. Oil 

197 


21 

0 

12.00 P.M. 

15.2 

20 

0.3 

1.0 

135 

IS7 

3360 

1. 010 

211 


22 

0 






55 

78 

2495 

1.010 

6S 

20. J. D. 

Dec. 17 

1 












IS 

6 

11.00 A.M. 

12.7 


3.6 

4.1 







19 

6 

10.30 

13.2 


3.3 

4.0 

200 

235 

* 

1.024 



2Q 

6 






410 

555 

670 

1.024 



21 

6 






332 

485 

1630 

1.023 



22 

6 

4.00 r.M. 

15 2 

12 

2.7 

4.0 

200 

260 

1640 

1.023 

44 


23 

6 

1.30 

15.2 

11 

2.5 

3.2 

205 

247 

IISO 

1.026 

68 


24 

6 

2.00 

13.6 

11 

2.5 

2.8 

307 

350 

13S0 

1.029 

152 


23 

0 


16.0 


1.0 

1.2 







1940 












21. E.R. 

Jan. 11 

S 

11.00 p.ii. 



4 5 

6.5 

312 

500 

635 

1.025 



12 

0 


12.7 

16 

4,0 

5.7 

367 

575 

760 

1.023 

85 


13 

6 

1.00 

12.4 

12 

4.6 

6.6 

392 

625 

830 

1.025 

60 


14 

5 






220 

365 

590 

1,023 



15 

0 

5.00 

13 6 

15 

6.0 

6 0 






22. T.B. 

14 

7 






287 

450 

630’ 

1.029 



IS 

6 


12,4 

21 

8.0 

10.4 

387 

485 

160 

1.023 

3S 




5.00 p.u. 


15 

3.1 

6.2 







Ifi 

6 






412 

637 

420 

1.026 

71 


17 

6 

3.20 F.it. 

12.0 

s 

3.6 

5,5 

285 

373 

430 

1.026 

73 


IS 

0 

5.00 

11.5 

10 

0.0 

0.4 






23. A.H. 

16 

9 






200 

362 

200* 

1.019 



17 

0 

3.30 P.M. 

10.4 

is 

8.0 

13.8 

192 

257 

305 

1.020 

29 


IS 

6 

5.00 

11,1 

IS 

5.4 

8.2 

275 

275 

570 

1,022 

42 


19 

6 

4.00 

12 7 

15 

2.8 

5.0 







20 

6 

8.30 

11.1 

n 

2.7 

3.4 







* Not a 24-hour specimen. 


per 100 cc., averaging 5.45 mg. per 100 cc. =*= 3.42 (standard devi- 
ation). Conjugated sulfathiazole ranged from 0 to 9.7 mg. per 100 cc. 
with an average concentration of 1.73 mg. per 100 cc. 1.87 (stand- 
ard deviation). Concentrations exceeding 4 mg. per 100 cc. of con- 
jugated sulfathiazole were observed in only 5 patients, and in each 
case high values for this fraction were associated with severe illness. 
This correlation is of interest in connection with the suggestion of 
Wilson, Kaely, and Cullen^ that a sudden rise in conjugated sulfa- 
pjTidine may serve as a warning of danger. Brorni, Thornton, and 
Wilson® also have commented on the serious implications of elevated 
levels of conjugated sulfapyridine. 

Although Yan Dyke and his associates found iJiaf sulfathiazole 
was not conjugated to the same extent as sulfapjTidine by animals, 
we are not certain that this is true in man. Comparison with the 
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results of Long and Feinstone® and of Stokingeri® foj. sulfapyridine 
failed to show much difference in response to single doses given by 
the oral or intravenous routes. There was, perhaps, with continued 
administration of sulfathiazole less of the tendency toward the accu- 
mulation of conjugated at the expense of the free compound that 
often accompanies medication with sulfapyridine. Because of the 
great importance of the condition of the patient in determining the 
extent of conjugation, comparisons must be made simultaneously 
under identical conditions. Further studies along these lines are in 
progress. 

Absorption of the drug proceeded nearly as rapidly in patients 
ill from pneumonia as in the convalescent patients listed in Table 1, 
although exceptions were encountered. However, only 60 to 80% 
of the administered drug was recovered in the urine of these patients, 
somewhat less than in most controls. 

5. Effect on Kidney. Inspection of Table 2 indicates that kidney 
function was temporarily impaired to a varying degree in nearly all 
of the patients. Oliguria was observed in 3 of 14, and hyposthen- 
mia in 6 of 14 of the patients. Urea clearance was diminished in 
9 of 14 patients during sulfathiazole therapy to 50 % or less of the. 
mean normal. The change, however, was transitory, and return 
to normal kidney function occurred in all except 4 patients during 
continuing sulfathiazole .administration. In 2, the persisting low 
urea clearance could be explained by accompanying oliguria. That 
the comparatively moderate impairment of kidney function should 
be attributed to sulfathiazole seems doubtful, since other important 
contributing factors are known to be operative under these 
conditions. 

Rough calculations of the clearances of free and conjugated sulfa- 
thiazole from data in Tables 1 and 2 showed little difference between 
the two forms. The average clearances of 8 patients presenting 
sufficiently high concentrations of the conjugated form to enable 
accurate measurement were 71 cc. of blood cleared per minute of 
the free, and 78 cc. per minute of the conjugated sulfathiazole. For 
sulfanilamide and sulfapyridine, Stewart, Rourke, and Allen^^ and 
Taylor and associates'^ found much lower values for the free forms, 
whereas clearances of the conjugated drug approximated those we 
have found for sulfathiazole. These observations imply that sulfa- 
thiazole is not reabsorbed as readily from the kidney tubules as are 
sulfanilamide and sulfapjTidine. 

In the presence of impaired kidnej'' function, clearances of both 
free and conjugated sulfathiazole were lowered, the conjugated to a 
greater extent than the free. 

Occasional specimens of mine of sulfathiazole-treated patients 
submitted for examination were opalescent and gave the impression 
that chylous urine was being secreted. Investigation showed this 
to be caused by a reaction between sulfathiazole or a derivative of 
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sulfathiazole and formaldehyde present as a preservative in one 
type of container used in this hospital. 

6. Toxic Effects. Eighty-three patients suffering from pneu- 
monia, including those listed in Table 2, have been observed for 
possible toxic manifestations. The incidence of untoward effects 
is sho^\m in Table 3. In 4 patients nausea and vomiting were present 
before the start of sulfathiazole treatment, and in 2 these complaints 
followed the intravenous administration of sulfathiazole sodium. 
Unlike the severe and persistent vomiting caused by sulfapyridine, 
the vomiting induced by sulfathiazole was mild and infrequent and 
was marked bj'- absence of severe nausea between attacks. In no 
case did nausea and vomiting necessitate discontinuance of therapy. 
Tabulated reports of the toxic effects of sulfapyridine recently pub- 
lished by some of the writers*® and by Abernethy, Dowling, and 
Hartman* show a considerably higher incidence of vomiting when 
sulfapyridine was used. 

Table 3. — Toxic Reactions to Sulfathiazole (S3 Patients). 


Nausea and vomiting : Incidence. 

Vomiting, 1 or 2 times 7 

more than 2 times 1 

Vomited before drug and continued after 4 

Hematuria, microscopic 6 

gross 0 

Dermatitis 3 

Psychosis* 3 

Leukopenia 0 

Acute hemolytic anemia 0 

Drug fever 0 

Agranulocytosis 0 


* Two alcoholic patients, 1 senile hypertensive patient. 

Dermatitis, apparently caused by the drug, was observed in 3 
patients. Mental confusion was encountered in several patients, 
but in view of the severity of their illness, it was difficult to evaluate 
properlj" the role of the drug as the causative agent. Psychosis in 
3 patients is to be explained by the presence of chronic alcoholism 
in 2 and advanced arteriosclerosis in 1. Repeated blood counts 
and hemoglobin determinations made during the course of drug 
administration failed to show evidence of any unusual depression 
in the number of the white or red blood cells or in concentration of 
hemoglobin. Urine studies showed no marked deviation from the 
usual findings for patients with severe febrile illness. 

As already mentioned, crystals containing the drug were observed 
in the urine of 1 patient. However, sulfathiazole is much more 
soluble than sulfapyridine, so that hazard from precipitation in the 
urinary tract should be less when the former is used. Sulfathiazole 
did not seem to aggravate or increase the frequency of the cyanosis 
of pneumonia. 

Comment. In ease of absorption and excretion sulfathiazole 
resembles sulfanilamide. Because sulfathiazole is absorbed more 
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readily from the gastro-intestinal tract and excreted more rapidly 
than sulfapyridine, its use therapeutically is more easily controlled, 
an advantage that at times may be of decided importance. It is 
evident that sulfathiazole shows certain of the toxic effects described 
for other therapeutically active sulfonamido compounds. The toxic 
effects do not seem to offer any serious barrier to its use in treatment, 
and indeed in many ways toxicity appears to be less than that of 
sulfapyridine. 

Summary. 1. The behavior of sulfathiazole has been investigated 
in 9 convalescent patients serving as controls and in 83 patients 
suffering from pneumonia. 

2. Sulfathiazole is rapidly absorbed from the gastro-intestinal 
tract and is rapidly excreted in the mine. Following intravenous 
administration of the sodium salt, recovery of sulfathiazole in the 
mine is practically quantitative. It is not readily absorbed from 
the rectum. 

3. The proportion of the drug conjugated is low in most indi- 
viduals. 

4. Effects observed on renal function and the hemopoietic system 
were transitory and not pronounced. 

5. Vomiting oecmred in about 10% of the patients treated with 
sulfathiazole, but was never severe enough to interfere with the 
use of the drug. 

6. The incidence of other toxic reactions was small. 

We -wish to acknowledge the assistance of Miss Shlomith Bethlahmy, detailed for 
this and related studies on pneumonia by the Pennsylvania State Department of 
Health, Pneumonia Control. 


REFERENCES. 

(1.) Abemethy, T, J., Dowling, H. F., and Hartman, C. R.: Ann. Int. Med., 13, 
1121, 1940. (2.) Barlow, E., and Homburger, E.: Proc. Soc. Exp. Biol, and Med., 

42, 792, 1939. (3.) Brown, W. H., Thornton, W. B., and Wilson, J. S.: J. Clin. 
Invest., 18, 803, 1939. (4.) Fosbinder, R. J., and Walter, L. A. : J. Am. Chem. Soc., 

61, 2032, 1939. (5.) Karr, W. G.: J, Lab. and Clin. Med., 9, 3, 1924. (6.) Long, 

P. H., and Feinstone, W. H.: Proc. Soc. Exp. Biol, and Med., 39, 486, 1938. (7.) 
Lott, W. A., and Bergeim, F, H.: J. Am. Chem. Soc., 61, 3593, 1939. (8.) McKee, 
C. M., Rake, G., Greep, R, O., and Van Dyke, H. B.: Proc. Soc. Exp. Biol, and Med., 
42, 417, 1939. (9.) Marshall, E. K,, Jr., and Litchfield, T. J., Jr.: Science, 88, 85, 
1938. (10.) Pepper, D. S., Flippin, H. F., Schwartz, L., and Lockwood, J. S.: Am. 
J. Med. Sci., 198, 22, 1939. (11.) Sanford, A. H., Sheard, C., and Osterberg, A. E.: 

J. Clin. Path., 3, 405, 1933. (12.) Stewart, J. D., Rourke, G. M., and Allen, 
J. G.; J. Am. Med. Assn., 110, 1886, 1938. (13.) Stokinger, H. E.; Proc. Soc. Exp. 
Biol, and Med., 40, 61, 1939. (14.) Taylor, F. H. L., Lowell, F. C., Adams, M. A., 
Sprmg, W. C., Jr., and Finland, M. : J. Clin. Invest., 19, 201, 1940. (15.) Van Dyke, 

H, B., Greep, R. O., Rake, G., and McKee, C. M.: Proc. Soc. Exp. Biol, and Med., 
42, 410, 1939. (16.) Wilson, A. T., Kaely, D., and Cullen, G. E.: Ibid., p. 187. 



BOOK REVIEWS AND NOTICES 


Ciec_tj:^tort Diseases of the Extremities. By John Homans, M.D., 
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Arterial diseases, arteriosclerotic deficiency, thrombo-angiitis obliterans, 
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therapeutic agent. 

This book is of great importance and is recommended to every practi- 
tioner of medicine. I. R. 


Outline of Physiology. By William R. Amberson, Ph.D., Professor 
of Physiology, University of Maryland, and Dietrich C. Smith, Ph.D., 
Associate Professor of Physiologj’’, University of Maryland. Pp. 412 
(double column); 177 illustrations (15 in color), by Norris Jones, 
Instructor in Scientific Illustrating, Swarthmore College. Baltimore: 
The Williams & Wilkins Company, 1939. Price, S4.00. 

This text written by two teachers of the University of Maryland has 
recently been issued. It is admirably adapted for dental students, ad- 
vanced college students and nurses, and might be used for collateral reading 
by students of medicine. Dr. Amberson has drawn upon his experience 
as a teacher in planning this text. At the outset some subjects, of a pre- 
liminary nature, are briefly but clearly discussed, the historical advances 
of the subject are briefly included, and the several phases of physiologj- 
are added. Although much of the detailed statements of larger texts are 
omitted, the basic facts of physiology are thoroughly discussed. Very few 
of the illustrations are from older texts. The illustrations and diagrams 
sen^e a definite purpose in following the descriptions in the text. It is an 
admirable text and the authors are to be congratulated upon its planning 
and completion. B. McC. 
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Physiological Chemistry. A Textbook for Students.^ By Albert P. 
Mathews, Ph.D., Andrew Carnegie Professor of Biochemistry, The 
University of Cincinnati. Pp. 1488; 113 illustrations. Sixth edition. 
Baltimore; The Williams & Wilkins Company, 1939. Price, 88.00. 
The new edition of this well-known text represents a serious^ attempt to 
bring the subject up-to-date since the publication of the previous edition 

in 1930. , , • .1 

The text is very readable and follows the author’s bent in presenting the 
subjects with due emphasis upon historical development, and a charac- 
teristic tendency for a very personal imaginative appraisal of certain facts, 
their interrelationship and physiologic significance. Many teachers and 
students of the subject may prefer a much shorter text, and one much more 
objective in presentation. However, the choice of text is to an extent a 
matter of personal predilection, and some students no doubt are stimulated 
by an enthusiastic manner of presenting a subject. 

The chapters upon Hormones, Vitamins and Mineral Metabolism are 
excellent. The love of the author for such terms as “ cryptorrhetic ” is 
excusable, but it denotes a tendency to pedantry which should not be 
encouraged in the student. In a sincere desire for historical approach, the 
author has erred in the use of relatively imreliable old data, when new 
precisely quantitative data could have been employed. For example, the 
absorption spectra of hemoglobin, as determined by the crude methods of 
Dh4r4 and RoUet (pages 781 to 784), may be cited. Such statements as 
“ methemoglobin is a parahematin” (page 1004, footnote) is certainly mis- 
leading. The discussion of oxidation-reduction processes in the organism 
could have been improved materially if it were_ treated under a separate 
heading and the material upon the various oxidation-reduction enzymes 
had been included in this section. D. D. 


Synopsis of Pediatrics. By John Zahorsky, A.B., M.D., F.A.C.P., 
Professor of Pediatrics and Director of the Department of Pediatrics, 
St. Louis University School of Medicine, and Pediatrician-in-Chief of 
the St. Mary’s Group of Hospitals, assisted by T. S. Zahorsky, B.S., 
M.D., Instructor in Pediatrics, St. Louis University School of Medicine, 
and Assistant Pediatrician to the St. Mary’s Group of Hospitals. Pp. 
430; 144 illustrations. Third edition. St. Louis: The C. V. Mosby 
Company, 1939. Price, 84.00. 

Another edition of this useful little book has been published. While 
the Reviewer feels that a standard textbook is best for the beginning 
student, he concedes that there is a place for a book of this type. It can be 
recommended for anyone reviewing for an examination, for interns and for 
the busy practitioner who desires concrete and accurate information. 

Numerous revisions have been made in order to bring certain phases of 
the subject up to date and these additions are presented succinctly and 
accurately. 

One wishes that the author had not adopted so whole-heartedly the 
Robertson hj'^pothesis of growth,^ which though attractive is highly debat- 
able. An outhne of the maturation of the skeleton according to Todd and 
of the maturation of motor development according to Gesell would be 
helpful. SiUTO the active immunization of children with certain vaccines 
IS stiU debatable it might be weU to have the author state his preference in 
^ ™ recommendations rather than positive statements. 

The illustrations are clear and distinctive, and there is a satisfactory 
working inde.x. 



404 


BOOK REVIEWS AKD NOTICES 


Clinique et Pathplogie Compares. V6n6r^ologie — Canc^rologie — Der- 
matoses — M6d6cine G6ii6rale — Phyto-Pathologie. By Louis Bort, 
Chef de Clinique de la Faculte de M4ddcine de Paris a I’Hopital Saint- 
Louis, Prix Duchenne de Boulogne, 1937. Pp. 239. Paris: Masson 
& Cie, 1939. Price, Fr. 50 (paper). 

This book is a pioneer in extending comparative pathology into the plant 
field. It is certainly most unusual in systematic relating such diseases 
as lymphopathia venerea, for example, on the lower animals. "Syphiloid 
of the cat” is another example. The book should have a particular appeal 
to dermatologists^ for its paragraphs on scabies, demodex infestment, 
urticaria and prurigos, eczema, neurodermites, keratoses, “trophodermies,” 
leprosy, subcutaneous nodular tuberculosis of cattle, syphilis, syphiloid of 
the cat and lymphopathia venerea. Having general appeal are the tumors, 
the leucoses, Jolme’s disease, leprosy, subcutaneous nodular tuberculosis of 
cattle, infectious icterus and epilepsy. 

Veterinarians, among others, must be interested in the special chapter 
which deals with diseases of animals which may be transmitted to him, but 
the medical profession at large can profit also from it. Diseases mentioned 
are as follows: glanders, anthrax, rabies, scabies, ringworm, variola, 
tetanus, aphthous fever, erysipeloid, foot rot and tuberculosis. 

The chapter on phytopathology is particularly in point at this time when 
viruses are being energetically studied in plant materials and leaves the 
feeling that a fuller presentation would be welcomed. The author devotes 
16 pages first to the general organization of plants and then to the lesions 
met in them. The " tumors ” induced by Bacillus tumefaciens are included. 

This long list of subjects is crowded into 236 pages, without any illustra- 
tions, consequently the treatment is so sketchy that the content is onlj’’ 
suggestive. The average reader who is now led into a new and strange 
field must feel that the content is inadequate to a satisfactory knowledge of 
the situation. Footnotes carry references to the literature, which are only 
partly adequate; nevertheless the book is decidedly thought provoking by 
indicating avenues of approach through animals and plants to problems in 
human disease. F. W. 


Ophthalmology. Vol. XX of Clio Medica. A Series of Primers on the 
History of Medicine. By Burton Chance, M.D. Pp. 240 ; 6 illustra- 
tions. New York: Paul B. Hoeber, Inc., 1939. Price, S2.00. 

This is an epitome of the development of ophthalmolog}'^ from antiquit}' 
to the present time. The first chapters deal with the treatment of diseases 
of the eyes by the Babylonians, Eg}'-ptians, Chinese, Arabians, Greeks and 
Romans. Then follow sections on the development of the science of 
ophthalmolog}' up to the 19th century. The remaining chapters take up 
specific ocular disorders and trace the development of our knowledge of 
these up to the present. It is delightfully written by an authority on the 
histor}' of ophthalmology. F. A. 

Eye, Ear, Nose and Throat Manual for FIurses. By Roy H. Parkin- 
son, hl.D., F.A.C.S., Head Oculist and Aurist to St. Joseph’s Hospital, 
San Francisco, Calif. Pp. 243; 79 illustrations. Fourth edition. St. 

Louis: The C. V. Mosby Company, 1939. Price, S2.25. 

A textbook for nurses that contains excellent material, including 
diagrams covering the normal anatomy and physiology of the eye, ear, 
nose and throat and diseases of these structures, with ver}' detailed instruc- 
tions for the information of the nurse as to her responsibilities regarding 
treatment. The final chapter on ’’Public Health describes the various 
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problems, in regard to these special conditions, that a nurse meets ivith in 

community nursing. . , r • 

This book is the result of the author’s belief that there is a need for it in 
the classroom and it has been written in the manner of classroom teaching, 
that is, in a conversational style, with considerable repetition and lack of 
clarity, as is natural in this form of writing. This is probably due to the 
fact that the author has written this book with his own immediate situation 
in mind; a better organization of the material ivould be a great improvement. 

M. S. 


The Surgery of Injury and Plastic Repair. By Sahuel Fomon, 

Ph.D., M.D., Formerly Major in Medical Corps, U. S. Army. Pp. 1409; 

925 illustrations. Baltimore: The Williams & Wilkins Compan 3 '-, 1939. 

Price, S15.00. 

This extraordmarj' book is reminiscent of the older German textbooks 
in that it includes a full discussion of all possible fields related to the surgerj’- 
of injury and tissue repair. The first cliapter is devoted^ to a general 
discussion of the operating room set-up, asepsis, suture material and instru- 
ments, the incision, hemostasis, etc. There are separate chapters on the 
fluid, salt and acid-base balance, on shock, anesthesia, preoperative man- 
agement and postoperative management. Each of these chapters has a 
comprehensive table of references, although some of these have not been 
critically selected. An introduction of this character is so unusual that it 
deserves comment. 

The chapters on plastic surgery are extensive, -well documented and 
include practically every operation of any importance. It is regrettable 
that wdth a text of such importance the illustrations, ivhich of necessity 
had to be limited in size, could not have been done throughout wdth inlc. 
The pencil drawings w'hen reproduced in such small size are fuzzj' in outline 
and frequently obscure. A suggestion, wdiich applies to a number of books 
on plastic surger 3 '' as well as to this one, is that all illustrations be placed 
in the same direction, that is, in illustrations of operations on the palate 
the nose should be toward the top of the page. It is unnecessarily con- 
fusing to have to orientate oneself for various positions of the palate. 

Of all the textbooks on injury and plastic repair that have appeared, 
this is undoubtedly the most extensive, but, of even more importance, it is 
unique in its advocacy of the knowledge and use of physiologic principles 
in the treatment of patients. 

This is a valuable book for the specialist and also for the general practi- 
tioner who is called upon to repair superficial injuries. It can be highly 
recommended. I, 


Microbiology and Pathology. By Charles F. Carter, B.S., M.D., 
Director, Carter’s Clinical Laboratory, Dallas, Texas; Consulting Path- 
ologist, St. Louis Southwestern Railway Hospital, Texarkana, Ark., and 
Mother Frances Hospital, Tyler, Texas, etc. Pp. 755; 165 illustrations 
and 25 colored plates. Second edition. St. Louis; The C. V. Mosby 
Company, 1939. Price, S3.25. 

The text is a brief but comprehensive survey of the fields of microbiology 
and pathology, in which bacteriology and related topics are emphasized. 
The section on microbiology has been thoroughly revised and broadened 
while the section on pathology remains essentially unchanged. The vast 
amount of material that is covered^ has necessitated the treatment of much 
of the subject matter in a definitive manner, while considerable space is 
devoted to the purely technical aspects of bacteriology and immunology. 
Generally, however, the subjects are presented in a simple, concise, factual 
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manner, and are supplemented with pertinent nursing suggestions, numerous 
illustrations, good references, an adequate glossary and index. Scientific 
nursing and its dependence upon an intimate understanding of tlie science 
of microbiology in relation to the nature of disease is emphasized through- 
out. A list of review questions covers each chapter and the section on 
microbiology is augmented by munerous simple and advanced laboratory 
exercises. The text is excellent from the standpoint of the graduate nurse 
or busy practitioner who wishes a sound, brief, easily readable and under- 
standable reference to refresh and enlarge his basic understanding of 
disease; but is a bit too broad to be thoroughly grasped by the average 
student nurse in the time usually allotted for the study of these subjects. 
The noticeable variation in the density of the type will prove objectionable 
to the discerning reader. H. H. 


The Infant and Child in Health and Disease. With Special Refer- 
ence to Nursing Care. By John Zahorsky, A.B., M.D., P.A.C.P., 
Professor of Pediatrics and Director of the Department of Pediatrics, 
St. Louis University School of Medicine, and Pediatrician-in-Chief to 
the St. Mary’s Group of Hospitals, etc., and Elizabeth Noyes, R.N., 
Supervisor and Instructor of Pediatrics, Children’s Hospital, San Fran- 
cisco. Pp. 496; 140 illustrations. Second edition. St. Louis: TheC. V. 
Mosby Company, 1939. Price, S3.00. 

A TEXTBOOK for nurses, which is not lacking in information needed in 
caring for children. The normal infant and child are appropriately con- 
sidered first. 

Then their diseases are thoroughlj^ considered in a well-VTitten account, 
with 481 illustrations and 7 color plates. The nursing procedures are 
particularly valuable. This book is one of the best textboolcs for nurses. 

M. S. 


The Physiological Basis of Medical Practice. A University of 
Toronto Text in Applied Physiology. By Charles Herbert Best, 
M.A., M.D., D.Sc. (Lond.), F.R.S., F.R.C.P. (Canada), Professor and 
Head of Department of Physiology; Associate Director of the Connaught 
Laboratories; Research Associate in the Banting-Best Department of 
Medical Research, University of Toronto, and Norman Burke Taylor, 
M.D., F.R.S. (Canada), F.R.C.S. (Edin.), F.R.C.P. (Canada), M.R.C.S. 
(Eng.), L.R.C.P. (Lond.), Professor of Physiology, University of Toronto. 
Pp. 1872; 497 illustrations and 2 colored plates. Second edition. Balti- 
more; The Williams & Wilkins Company, 1939. Price, 810.00. 

First published in 1937, and reprinted four times since then, this excellent 
book now appears in a new edition, thoroughly revised and including a large 
new section on the physiologj'^ of the special senses. Not only should 
students find it an ideal textbook, but physicians should welcome it as an 
excellent reference work to keep themselves abreast of modern concepts 
of physiology and the physiologic basis of scientific medical practice. 


Electrocardiographic Patterns. Their Diagnostic and Clinical Sig- 
nificance. By Arlie R. Barnes, M.D., The Mayo Clinic, Rochester, 
Minn. Pp. 197; 94 illustrations. Springfield, 111.: Charles C Thomas, 
1940. Price, 85.00. 

Written with the purpose of describing electrocardiographic patterns 
and pointing out their diagnostic importance in certain cardiac diseases, 
this monograph is not intended to furnish a complete discussion of electro- 
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curdiogrfiplo^. Tlius notliing is sriid. About tliG d.isturt)AncGS of CArdiAC 
rliytlim. 

The author is a seasoned veteran in clinical electrocardiography and for 
over 10 years has been one of the foremost investigators in this field. 
He is eminently qualified to prepare a monograph. of this type. It is 
written in simple language and the thought is expressed clearly. The 
illustrations, an essential part of the monograph, are excellent. _ This sound, 
scholarly contribution should be in the library of everyone interested m 
electrocardiography. It will be particularly useful to the beginner and 
should be carefully studied by those who wish to qualify for the interpreta- 
tion of electrocardiograms. It is a pleasure to recommend work of such 
high quality. C. W. 

Asthma. By Frank Coke, F.R.C.S. With the Collaboration of Harry 
Coke, M.R.C.S., L.R.C.P., Honorary Physician, Charterhouse Rheuma- 
tism Clinic. Pp. 266; 19 illustrations. Second edition, fully revised 
and illustrated. Baltimore; The Williams & Wilkins Company, 1939. 
Price, S4.00. 

Sixteen years having passed since the publication of its first edition, a 
drastic revision of the book was obviously called for. This has been only 
partly achieved, for there remains much old material that is not in harmony 
with current -vdews of this rapidly growing subject. The same naay be 
said of some of the theoretical concepts propounded, such as aspirin sen- 
sitivity or the sedimentation test as sure criteria for the classification of 
the major types of asthma. Literary references are at times poorly chosen 
(as when the leukopenic index is attributed to another instead of to 
Vaughan). From the clinical angle there is much of practical value, 
notably the mode of use of vaccine therapy. R. K, 


Injuries op the Nervous System, Including Poisons. By Otto Mar- 
burg, M.D., Clinical Professor of Neurology, Columbia University; 
Research Neuropathologist, _Montefiore Hospital, New York, etc., and 
Max Hefland, M.D., Assistant Clinical Professor of Neurologj'" and 
Psychiatry, Columbia University; Chief of Nen’^e Clinic, Post-Graduate 
Hospital, New York, etc. Pp. 213; 16 illustrations. New York: Veritas 
Press, 1939. Price, S3.00. 

This comparatively short treatise comprises a wealth of information 
which is very important in view of the ever-mounting injuries resulting 
from traffic accidents. Marburg— formerly director of the Neurological 
Institute of the University of Vienna, now Clinical Professor of Neurology 
at Columbia University— reflects in almost every chapter the vast experi- 
ence he had with injuries of the central and peripheral nervous systems 
during the World War. Even the seasoned neurologist will enjoy the 
comprehensive discussion of_ the symptomatology. In addition to the 
generally accepted characteristic signs of head and spinal cord injuries, 
one will find here a great number of the less knoivn but very helpful methods 
of examination. 

The practical viewpoint in diagnosis and treatment is stressed through- 
out. However, enough of the physiology and pathology is given to help 
the reader m the understanding of the symptoms and signs involved. Three 
photographs of macroscopic lesions and 13 well-selected photomicrographs 
from Helfand’s investigations in vasomotor lesions in the brain following 
trauma are added. The general symptoms of head injuries and the special 
signs, diagnosis, pathology and treatment of concussion and contusion are 
discussed. The various forms of intracranial hemorrhages, of softening, 
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edema and cerebral atrophy, the fractures of the base of the skull and the 
injuries of the cranial nerves are described along with the neurologic 
sequete of concussion and contusion. 

Five chapters deal with injuries of the spinal cord and the peripheral 
nerves, electric injuries, caisson disease and with trauma as the cause of 
organic nervous disease. The last chapter gives, in 10 pages, a concise 
r4sum6 of the more common industrial intoxications such as lead, mercurjq 
arsenic, thallium, manganese, benzol, benzene, carbon monoxide and carbon 
disulphide. 

The importance and safeguards in evaluating pulse and blood pressure, 
the prognostic meaning of increase and decrease of body temperature, the 
value of pupillary disturbances as localizing signs, and the examination of 
the vasomotor system are discussed. The problems of traumatic necrosis 
and traumatic epilepsy are considered, and likewise, the percentages of 
partial and complete disability following the various kinds of injuries to 
the nervous system are considered at some length. The surgical treatment 
recommended for brain abscess, subdural hematoma, and traumatic epi- 
lepsy is at variance with the experience in this country. Some typographic 
mistakes and two errors in the labeling of the photomicrographs should be 
corrected in the next edition. The bibliography of over 300 references 
facilitates the orientation of the student. 

The book is recommended as a short and valuable manual to internists, 
neurologists and surgeons, especially in the general hospital where a large 
number of head injuries are treated. F. L. 


Manual for Diabetic Patients. By W. D. Sansum, M.D., Chief of 
the Staff of The Sansum Clinic and Director of Metabolic Research of 
the Santa Barbara Cottage Hospital, Alfred E. Koehler, Ph.D., M.D., 
Member of the Staff of The Sansum Clinic and Member of the Meta- 
bolic Research Staff of the Santa Barbara Cottage Hospital, and Ruth 
Bowden, B.S., Dietitian of The Sansum Clinic, Santa Barbara, Calif. 
Pp. 227; illustrated. New York: The Macmillan Company, 1939. 
Price, S3.25. 

In a book of this kind, written for patients, perhaps the greatest tempta- 
tion is to wite into the text the author’s own methods of treatment as well 
as information of a technical nature which should be found only in medical 
textbooks. In this excellent little book the authors have almost entirely 
avoided both these pitfalls. The language is clear and the explanations 
specific, and the material is restricted to generally accepted principles and 
facts which wiU help the patient to a better understanding of his condition 
and of how to aid his doctor in its care; in fact, it could not be amiss to saj'’ 
that for the general information which it contains many physicians could 
read this book with profit. One-third of the book is taken up with tables 
of food values, substitutions, recipes and a short glossary. One feels that 
this book may with safety be put into the hands of almost any patient with 
the assurance that from it he can learn all that is essential and useful for his 
care. R- R- 


The Hospital Care of Neurosurgical Patients. By Wallace B. 
Hamby, M.D., F.A.C.S., Associate Professor of Neurology and Instruc- 
tor in Surgery (Neurological Surgeiy), University of Buffalo School of 
Medicine, Buffalo. Pp. 118; 24 illustrations. Springfield, Rl.: Charles 
C Thomas, 1940. Price, S2.00. 

This compact little book fills a definite niche in our textbooks for teaching 
nurses and hospital internes. It is the first, short, condensed account of 
the problems met with in tlie preoperative and postoperative care of neuro- 
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surgical cases. Tlie autlior has covered the field concisely but at the same 
time omitted nothing of importance. . . , . . 

The chapters on anatomy are particularly good, as they give in briet 
form all that a nurse needs to know on the subject. Tlie chapters on tech- 
nique and treatment are concise but sufficiently detailed for use in the 
training school and instruction in the operating room. 

The Reviewer can recommend this book verj^ highly to those who teach 
surgery to nurses. They should be thankful that the author has taken the 
trouble to bring this information together, so that it will no longer be 
necessary to look it up from a number of sources or to bring out elaborate 
technique sheets covering this subject. F. G. 


NEW BOOKS. 

The Rise of Embryology. By Arthur William Meyer, Professor of Anat- 
omy, Emeritus, Stanford Universit 5 L Pp. 367; 95 illustrations. Stan- 
ford University, Calif.; Stanford University Press, 1939. Price, S6.00. 

Mineral Metabolism. By Alfred T. Shohl, M.D., Research Associate in 
Pediatrics, Harvard University (American Chemical Society Monograph 
Series). Pp. 384; 13 illustrations and 41 tables. New York; Reinliold 
Publishing Corporation, 1939. Price, S5.00. 

Biological Products. By Louis Gershenfeld, P.D., B.Sc., Ph.M., Pro- 
fessor of Bacteriology and Hygiene, and Director of the Bacteriological 
and Clinical Chemistrj'' Laboratories at the Philadelphia College of 
Pharmacy and Science, etc. Pp. 242; illustrated. New York; Romaine 
Pierson Publishers, Inc., 1939. Price, S4.00. 

Lehrbuch der Augenheilkunde. By Dr. Ernst Fuchs, Sechzehnte, yer- 
mehrte und verbesserte Auflage neu bearbeitet von Dr. Adalbert 
Fuchs, a. o.. Professor der Augenheilkunde an der Universitat in Wien. 
Pp. 904; 362 text illustrations and 5 colored plates. Wien: Franz 
Deuticke, 1939. Price, Paper, M. 27; Bound, M. 30. 

Medicolegal cfc Industrial Toxicology, Criminal Investigation, Occupational 
Diseases. By Henry J. Eilmann, Ph.D., Director of Physicians’ Labor- 
atory Service of Toledo, Ohio; Lecturer in Bacteriologj'^ and Histology, 
Mary Manse College of Toledo. Pp. 324. Pliiladelphia : The Blakis- 
ton Company, 1940. Price, $3.00. 

Medical Care (A Symposium). Law and Contemporary Problems. Vol. VI, 
No. 4, Autumn, 1939 (A Quarterly Published by the Duke University 
School of Law, Professor David F. Cavers, Editor). Pp. 185. Dur- 
ham, N. C.; Duke University Law School, 1939. Price, 75c. 

Principles and Practice^ of Aviation Medicine. By Harry G. Armstrong, 
B. S., M.D., Captain, Medical Corps, United States Army; Director, 
The Aero Medical Ilesearch Laboratory'', Air Corps Material Division. 
Pp, 496; 86 illustrations. Baltimore; The Williams & Wilkins Com- 
pany, 1939. Price, $6.50. 

Unto the Fourth Generation. Gonorrhea and Syphilis. What the Lay- 
man Should Know. By Irving Simons, B.S., M.D., Fellow of the 
American Urological Association; Fellow of the New York Academy of 
Medicine, etc. Pp. 243; illustrated (by M. Emanuel, M.D.). New 
York: E. P. Dutton & Co., Inc., 1940. Price, $2.50. 

Apparently every publisher feels that he must have a book in a popular line on 
his publishing list, whether or not there is really need for such a book. One would 
be inclined to class this volume as just another “pop” presentation of the patient’s 
side of venereal disease, its control and treatment; however, it has one outstanding 
feature, i. c., the spa^ devoted to gonorrhea, the stepchild of the venereal disease 
control movement. The book is unlikely to reach more than a thin layer of the 
victims of venereal disease, whose reading contingent, is an insignificant part of 
the population strata involved in the problem. J. S. 
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Congenital Cleft Lip, Cleft Palate and Associated Nasal Deformities. By 
Harold Stearns Vaughan, M.D., D.D.S., F.A.C.S., Professor of 
Clinical Surgery, New York Post-Graduate Medical School, Columbia 
University; Attending Surgeon, New York Post-Graduate Hospital, etc. 
Pp. 210; 259 illustrations. Philadelphia: Lea & Febiger, 1940. Price, 
$4.00. 

Beyond the Clinical Frontiers. A Psychiatrist Views Crowd Behavior. By 
Edward A. Strbckee, A.M., Sc.D., Litt.D., M.D., Professor of Psychia- 
try in the Under-graduate and Graduate Schools of Medicine, University 
of Pennsylvania, and Consultant and Chief-of-Service, Institute of the 
Pennsylvania Hospital. Pp. 210. New York: W. W. Norton & Co., 
Inc., 1940. Price, $2.00. 

Argyria. The Pharmacology of Silver. By William R. Hill, M.D., 
Instructor in Dermatology and S 3 rphilology, University of Pennsylvania, 
and Donald M. Pillsbury, M.A., M.D., Associate Professor of Derma- 
tology and Syphilology, University of Pennsylvania. Pp. 172. Balti- 
more: The Williams & Wilkins Company, 1939. Price, $2.50. 

The Inter-relationship of Mind and Body. (The Proceedings of the Asso- 
ciation, New York, December 27th and 28th, 1938). Editorial Board: 
Foster ILennedy, Angus M. Frantz, Clarence C. Hare. Pp. 381; 
28 illustrations and 10 tables. Baltimore: The Williams & Wilkins 
Company, 1939. Price, 86.00. 

The Physical and Menial Groxoth of Girls and Boys Age Six to Nineteen in 
Relation, to Age at Maximum Growth. By Frank K. Shuttleworth. (Vol. 
IV, Serial No. 22, No. 3.) Evaluations of Adolescent Personality by Adoles- 
cents. By Caroline McCann Tryon. (Vol. IV, Serial No. 23, No. 
4.) (Monographs of the Society for Research in Child Development.) 
Pp: No. 3, 291; No. 4, 83. Illustrations; No. 3, 150 and 110 tables; No. 
4, 12, and 15 tables. Washington, D. C. : Society for Research in Child 
Development, National Research Council, 1939. Price, No. 3, $2; No. 
4, $1. 

Fundus Atlas. By Louis Bothman, B.S., M.D., F.A.C.S., Clinical Pro- 
fessor of Ophthalmology, The University of Chicago; Associate Ophthal- 
mologist, St. Luke’s Hospital, Chicago, and Reuel W. Bennett, Photog- 
grapher for the Division of Ophthalmology, The University of Chicago 
Clinics. Pp. 50; Fifty original stereoscopic photographs. Chicago: 
The Year Book Publishers, Inc., 1939. Price, $17.00. 

Atlas of Surgical Operations. By Elliott C. Cutler, Moseley Professor 
of Surgery, Harvard University and Chief Surgeon of the Peter Bent 
Brigham Hospital; Formerly Professor of Surgery, Western Reserve 
University and Director of Surgery of the Lakeside Hospital, and Robert 
Zollinger, Assistant Professor of Surgery, Harvard University and 
Senior Associate in Surgery at the Peter Bent Brigham Hospital. Pp. 
181; 84 plates. New York; The Macmillan Company, 1939. Price, 
$ 8 . 00 . 

M edical Education in the United States, 1934-1939. Prepared for the Coun- 
cil on Medical Education and Hospitals of the American Medical Associa- 
tion. By Herman G. Weiskotten, M.D., Dean, Syracuse University 
College of Medicine, Alphonse M. Schwitalla, S.J., Ph.D., Dean, St. 
Louis University School of Medicine, William D. Cutter, M.D., Secre- 
tarj’-, Council on Medical Education and Hospitals of the American 
Medical Association, Hajhlton H. Anderson, M.D., Member of the 
Staff, Council on Medical Education and Hospitals of the American 
Medical Association. Pp. 259. Chicago: American Medical Associa- 
tion, 1940. Price, $1.00. 
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Health Significance. A Sjunposium held at The Harvard School of 
Public Health, June 12-17, 1939. Pp. 907 illustrated. Cambridge, 
Mass.: Harvard University Press, 1940. Price, 86.50. 

NEW EDITIONS. 

All Introduction to Gastro-entcrology. Being the Third Edition of The 
Mechanics of the Digestive Tract. By WaIiTer C. AxiVAREz, Professor 
of Medicine, University of Minnesota, The_ Mayo Foundation, and a 
Senior Consultant in the Division of Medicine, The Majm Clinic, etc. 
Pp. 778; 186 illustrations. Third Edition. New York: Paul B. 
Hoeber, Inc., 1940. Price, 810.00. 

A Textbook of Laboratory Diagnosis. With Clinical Appheations for Prac- 
titioners and Students. By Edwtn E. Osgood, M.A., M.D., Associate 
Professor of Medicine and Head of the Division of Experimental Medi- 
cine, University of Oregon Medical School, and Member of the Staff of 
Multnomah County Hospital, etc. Pp. 676 ; 27 illustrations and 9 
colored plates. Third Edition. Philadelphia : The Blakiston Company, 
1940. Price, 86.00. 

Recent Advances in Neurology. By W. Russell Brain, D.M. (Oxon.), 
F.R.C.P. (Bond.), Physician with charge of Out-patients to the London 
Hospital; Physician to the Maida Vale Hospital for Nervous Diseases; 
Neurologist to the Infants’ Hospital, etc. Pp. 364; 24 illustrations. 
Fourth edition. Philadelphia: The Blakiston Company, 1940. Price, 
85.00. 

This edition is largely rewritten and discussion of the following subjects is new, 
or nearly so: Pathogenesis and Treatment of Headache; Functions of the Frontal 
Lobe: Electro-oncephalographi'; Vitamin Deficiencies in Relation to Nervous 
Disorders; Diseases Due to Neurotrophic Viruses; Use of Prosti^in in Mj’asthenia 
Gravis; Chemistry of the Muscular Dystrophies; Muscular Disorders Associated 
with Thyroid Disease, and the Treatment of Meningitis with Sulphanilamide. 
There are many references and an index. N. Y. 

Nomenclature and Criteria for Diagnosis of Diseases of the Heart. B}^ The 
Criteria Committee of the New York Heart Association, Arthur C. 
DeGraef, M.D., Clarence E. dela Chapelle,M.D., Cary Eggleston, 
M.D., Charles E. Koss^L\.NN, M.D., Robert L. Levy, M.D., John B. 
SemvEDEL, M.D., Harold E. B. Pardee, M.D., Chairman. Pp. 282; 
52 illustrations. Fourth edition. New York: New York Heart Asso- 
ciation, a Division of New York Tuberculosis and Health Association, 
Inc., 1939. Price, 82.00. 

Disorders of the Blood. Diagnosis, Pathology, Treatment and Technique. 
By Lionel E. H. Whitby, C.V.O., M.'C., M.A., M.D. (Cantab.), 
F.R.C.P. (Lond.), D.P.H., Assistant Pathologist, The Bland-Sutton 
Institute of Pathology, The Middlesex Hospital; Late Pathologist, The 
Children’s Hospital, Hampstead, and C. J. C. Britton, M.D. (New 
Zealand), D.P.H., Assistant Pathologist, The Bland-Sutton Institute of 
Pathology, The Middlesex Hospital; Pathologist, The Samaritan Free 
Hospital for Women; Late Assistant Pathologist, Christ Church Hospital, 
New Zealand. Pp. 603; 61 illustrations with 12 plates (8 colored). 
Third edition. Philadelphia: The Blakiston CompanjA 1939. Price, 
87.50. 

It is not surprising that new editions of this excellent book are required every 
2 years, especially if one realizes how rapidly hematology has been progressing in 
the past decade. One is more apt to get satisfactory and authoritative information 
on many subjects from this sinall book than from some of the larger works on the 
subject. “This edition contains important new matter concerning the hemolytic 
anemias, including more exact methods for the fragility test and for determining 
bilirubinEemia, views concerning the technique and value of sternal biopsy as 
judged by our own experience, as well as modern opinions about certain of the 
hffimorrhagic states.” 
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STAPHYLOCOCCUS TOXIN; A RESUME. 

I. Introduction. It would seem appropriate at this time to review 
the problem of the production, preservation and the pathologic lesions 
produced by staphylococcus toxin. Recent observations indicate that 
this toxin and the toxoid and antitoxin prepared with it are not only of 
scientific interest but they are assuming clinical significance. 

Both French and German investigators began the study of staphylo- 
coccus toxin following the observations of Billroth® and Koch^® on this 
bacterium. Many publications appeared between 1874 and 1908. Rela- 
tively few papers appeared between 1908 and 1925. 

Interest in the staphylococcus and its toxin was revived following 
the Brundenberg disaster which occurred in Australia in 1928.^® At 
that time a group of 21 children were given diphtheria toxin-antitoxin 
and 12 died within the following 24 hours. A British Royal Commis- 
sion investigated this disaster and found that the antigen was contam- 
inated with Staph, aureus. The children died apparently from an acute 
intoxication, no doubt resulting from this staphylococcus. Abscesses 
formed at the site of inoculation in each of the 9 children who survived. 
A staphjdococcus was isolated from these lesions similar to that present 
in the toxin-antitoxin used for the inoculum. The results of this dis- 
aster stimulated both clinical and experimental studies on the staph- 
ylococcus and its toxin particularly in England and in America. 

Burnet^‘‘“’®-‘= in Australia, Dolman®^® in Canada, and Parker''®"^'*'®® in 
the United States, made several important contributions pertaining to 
staphylococcus toxin between 1925 and 1932. In 1929, BurneP'*® first 
prepared staphylococcus toxoid by treating staphylococcus toxin with 
formaldehyde. The experimental and clinical use of this staphylococcus 
antigen immediately attracted the attention of investigators. Dolman 
deserves credit for the early observations on the clinical use of this 
antigen. More recently, the French have made many clinical studies 
with staphylococcus toxoid and antitoxin. 

The early workers on staphylococcus toxin thought that it contained 
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several different fractions. Those most frequently discussed were leuko- 
cidin, hemolysin, acute killing fraction, skin necrotizing fraction and 

nephrotoxin. . , . , 

n. Production of Staphylococcus Toxin, The production of toxin by 
the staphylococcus is influenced especially by the medium and the 
duration of growth. Attempts to determine the best medium for the 
production of toxin have resulted in a considerable number of experi- 
mental studies. One of the earliest of these media was veal bouillon 
used by de Christmas'® in 1888 to obtain the toxin which he injected 
into the anterior chamber of a rabbit’s eye. It induced edema and sup- 
puration. Van de Velde®® grew staphylococci in blood, serum and 
bouillon to demonstrate the effect of tlie filtrate on leukocytes. He 
showed the presence of a substance which destroyed leukocytes. 

Neisser and Wechsberg®® in 1901 apparently were the first to give 
considerable attention to the conditions under which staphylococcus 
toxin is formed. Meat infusion broth was their basic medium. This 
has continued until the present to be basic in the preparation of staph- 
ylococcus toxin. Bigger® and his co-workers in 1927 were the first to 
digress from liquid media for the production of toxin. They grew the 
cocci on an agar surface and washed them off with saline to obtain the 
toxin. The medium used at present for the production of staphylococcus 
toxin is a modification. The proportions of ingredients are such now 
that a semisolid medium is usually formed. 

Mcllwain®® has recently studied the effect of agar on the production 
of alpha hemolysin. His observations show that the production of 
toxin in a chemically defined medium is reduced by the calcium in the 
agar and that it is increased by the remainder of the agar molecule. 
The stimulating properties of agar are not due to its sulphuric ester 
grouping but to the polysaccharide residue. Agar in the medium used 
for the production of staphylococcus toxin may act by absorbing meta- 
bolic products deleterious to the production of the toxin. 

Holt,^® in 1936, studying the conditions under which staph54ococcus 
toxin is formed, divided the nutritional elements in a beef-juice medium 
into large and small molecules by either saturation with ammonium 
sulphate to obtain the former or by dialysis to get tlie latter molecules. 
The yield of toxin in the "dialysate medium” and in the undiluted 
dialyzed medium was usually identical but the growth of bacteria was 
much greater on the latter. 

Many substances have been added to the basic medium in an attempt 
to increase the production of toxin. Different preparations of peptone 
apparently have little influence on the amount of toxin that is formed. 
Walbum®®“^ concluded from his studies that a 1 % solution was the 
minimum in which staphylococci would grow and produce a lysin. An 
albumin, according to Walbum, is not an important factor for the 
growth of staphylococci and the formation of toxin. Glucose in a 1 % 
concentration prevents the production of toxin.®®' Parker®® thinks that 
toxin only appears later when the medium contains a trace of glucose 
and that it probably does not appear until the sugar is destroyed. 
Certain salts such as calcium and sodium either partially inhibit or 
completely prevent the formation of staphylococcus toxin.®® Salts of 
manganese, nickel, magnesium, and potassium when added to the 
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medium promote the formation of toxin. The role played by these 
salts is not understood. It would appear that some may act as “buffers.” 

Neisser and Wechsberg®* and Walbum®®'" have considered the impor- 
tance of “buffers” in the growth of staphylococci and the production 
of toxin. The latter found that the maximum amount of toxin Avas 
produced at pH 6. Other investigators, however, produce good toxin 
in a more alkaline medium. Hemolysins are present at a pH of 8-9. 
BurneT^*’ buffered his medium by placing it in a McIntosh and Fildes 
anerobic jar and replaced 10% of the air with carbon dioxide. Subse- 
quent observations indicate that 20 % carbon dioxide in 80 % oxygen is 
a better buffer than 10 % carbon dioxide alone. 

The length of time required for the staphylococci to grow and produce 
the maximum amount of toxin is influenced by several factors. One of 
these is the temperature. Walbum®®^ found the best to be around 
40° C. The maximum amount of toxin is formed after 2 to 3 days. 
Some investigators in producing toxin have grown their cultures for 
9 to 13 days. More recent experiments Avould indicate that 48 hours 
is a sufficient incubation time at 37.5° C. for the production of toxin. 
There may be some deterioration of the toxin when the cultures are 
incubated for several daj's. 

Staphylococcus toxin is separated from the medium by filtration. 
The filters more frequently used are the Berkefeld, Seitz and Chamber- 
land. Burnetf^** observed that filtration tlirough a Seitz did not affect 
the hemolytic titer appreciably. Personally, I was unable to determine 
any difference in the amount of hemotoxin before and after filtering a 
large quantity of a culture of staphylococci groAvn in a semisolid medium 
through a Berkefeld V candle. Nelis®* noted that the enterotoxic sub- 
stance in staphylococcus cultures was retained by an L 2 filter but it 
did pass a Seitz. 

The choice of a method for filtering staphylococcus toxin is influenced 
by the constituents in the medium. The cultures can be centrifuged 
to eliminate many of the large particles before they are filtered. When 
agar has been used in the medium it is much better to filter before the 
culture becomes chilled. 

Many efforts have been made to purify and concentrate staphylo- 
coccus toxin. The results apparently have not been as encouraging 
with staphylococcus as they haA'e been Avith tetanus and diphtheria 
toxin. Bigger^ and his associates Avere able to dry the supernatant fluid 
obtained from Avashing the surface of agar slants by placing it in a 
petri dish and keeping it at 37 ° C. overnight. The residue Avas a yelloAV 
film Avith a rather rancid odor Avhich could be reduced to a poAvder form. 
When water, equivalent to the amount of liquid evaporated, Avas added, 
a cloudy fluid formed AAdiich Avas as acthm in producing hemolj^sis as 
the original filtrate. The dry lysin Avas very stable. The toxin could 
be concentrated by this method. Burnet and Freemaffi^ precipitated 
staphylococcus toxin AAuth either alcohol or ether in the cold and ad- 
sorbed the precipitate on aluminum hydroxide. The toxin Avas released 
Avith either Rochelle salt or a Aveakly alkaline solution. , Staphylococcus 
toxin can also be precipitated Avith acetic acid. A yield of 60 to 90 % 
has been obtained hy tlfis method. The bulk of the nitrogenous con- 
stituents in the crude toxin were also removed. When the latter method 
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of purification is used there is .an increase in the units of toxin per 
milligram of nitrogen. This experiment indicates that the toxin lias no 
definite relation to the amount of nitrogen ni any single preparation. 
Only a small part of the acid precipitate consists of toxin; metaproteins, 
nucleo proteins and other acid precipitated nitrogen compounds consti- 
tute the greater part of the precipitate.^® 

Holt'*® concentrated staphylococcus toxin as follows the filtrate was 
saturated with ammonium sulphate and centrifuged. The supernatant 
liquid was discarded and the precipitate Avas redissolved in water. By 
this method 90 to 9S % of the toxin was recovered. When concentrated 
and purified as above, the toxin is said to be more stable than the raw 
material. The antitoxin-binding and hemolytic powers remain con- 
stant for many months, indicating according to Holt that very little or 
no autotoxoiding action takes place. 

Most investigators have not only been interested in determining the 
type of medium and the environmental conditions under which the 
staphylococcus produces the most toxin, but thej’^ hai'e also been inter- 
ested in determining the mechanism of the formation of this toxin. At 
present the chemical composition of staphylococcus toxin as well as 
that of other toxins is not known. Recent experiments have shoAvn 
several interesting factors about the formation of this toxin and they 
indicate that additional information along this line may give pertinent 
data pertaining to the composition of staphylococcus toxin. Knight*® 
found that the accessory substances necessary for the growth of staph- 
ylococci were either nicotinic acid and vitamin B, or closely related 
substances. Toxin has not been produced in significant amounts until 
recently in a synthetic medium. Gladstone®* has published a paper on 
“The Production of Staphylococcal Alpha-Hemolysin in a Chemically 
Defined Medium.” In this paper the different constituents in the 
medium are discussed as well as the environmental conditions under 
which staphylococcus toxin is formed. With the knoAvledge of the 
growth requirements of the staphylococeus, studies on synthetic media 
may reveal important facts about the formation and composition of 
this toxin. 

Holt*® has obtained growth and produced toxin in a medium made 
Avith the dialysate from nutrient broth. McClean®® observed that agar 
added to broth enables the staphylococcus to produce a potent toxin. 
I have made similar observations on the use of agar in media and liaA^e 
also found that gauze cut into small pieces and added to A'^eal infusion 
broth enhanced the production of toxin. Cellophane, according to 
McClean,®® exerts some influence on broth Avhich renders it suitable for 
the production of toxin. These observations made Avith agar, gauze 
and cellophane on the production of toxin suggest the possibility that 
adsorption may enter the process of toxin formation, but nothing specific 
as to the composition of toxin, however, has been determined. 

Eaton®® has stated very appropriately, I think, that a constituent of 
the medium need not necessarily act directly either by stimulating 
growth or increasing the toxigenicity of the culture. It may act either 
by removing an inhibitory factor, by effecting changes in pH, reducing 
conditions during groAvth, or by protecting the formed toxin from 
destruction. Traces of unknoAvn impurities in an “essential” substance 
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may even stimulate the formation of toxin. There is evidence, accord- 
ing to Eaton, to support the idea that toxins are synthesized in the 
bacterial cells and then either liberated by diffusion or by disruption of 
the cells. Eaton, in discussing staphylococcus toxin, states that it is 
possible that the enterotoxic substance present in cultures of staph- 
ylococci is a metabolite and not a true toxin. 

in. Preservation of Staphylococcus Toxin. Staphylococcus toxin, 
like other bacterial toxins, deteriorates spontaneously. The rate at 
which it loses its toxicity is much slower, however, than that of diph- 
theria. Oxidation and reduction may play a role in the spontaneous 
deterioration of staphylococcus toxin. Apparently no one has deter- 
mined whether or not staphylococcus toxin is antigenic following this 
form of deterioration. 

Bigger^ and his co-workers found that dry staphylococcus lysin was 
very stable. A sample kept at cold-room temperature in a desiccator 
for 2 months had exactly the same titer as when it was fresh. Filtrates 
preserved in the ice-box also do not lose their potency as rapidly as 
when kept at room temperature. Jordan and his associates found that 
staphylococcus toxin retained the original strength for at least 3 to 
4 weeks when kept cold.'*^ All observations on the spontaneous deteri- 
oration of staphylococcus toxin, however, have been made over periods 
too short for the data to be of much significance. 

Staphylococcus toxin deteriorates very rapidly when highly diluted 
with physiologic saline. It is of interest to note that the hemolysin 
and the skin necrotizing factors both are affected similarly by this 
diluent. Burnet^^” observed that staphylococcus toxin deteriorates 
much less rapidly in infusion broth than in saline. This toxin also 
deteriorates at different rates when diluted with saline and infusion 
broth extracts of different rabbits’ tissues.®* Regardless of all the 
observations on staphylococcus toxin, little is known of the mechanism 
of deterioration. 

Many observations have been made on the effect of heat on staphylo- 
coccus toxin. Frequently the data are very meager, yet, all the experi- 
ments show that it is destroyed by heat. The amount of heat required 
to completely inactivate staphylococcus toxin, according to Gengou,®® 
is influenced by the pH of the filtrate. The differences in pH may 
account for the wide range of temperatures which have been recorded 
as being necessary for the complete inactivation of staphylococcus toxin. 
A detailed study of the effect of heat on the hemolytic and skin necro- 
tizing factors in staphylococcus toxin has recently been reported by 
Rigdon.’®-’ It was found that the rate of deterioration is influenced 
both by the length of time at which the toxin is heated and the temper- 
ature. Toxin heated at 45° C. for 2 hours loses approximately 9% of 
its hematoxin, while the same toxin heated at 54.03 ° C. loses over 99 % 
of its toxicity during the same period. Toxin heated for 2 hours at 
57° C. still shows a trace of the hemolysin. The nature of the change 
induced by heat is not clearly understood. 

Staphylococcus toxin is detoxified through the action of certain 
chemicals and it may or may not be antigenic. Burnet*'*® was the first 
to completely detoxify staphylococcus toxin with formaldehyde. The 
binding power of this treated toxin toward antitoxin is retained up to 
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about 50 % of the initial value and the flocculation titer is practically 
unaltered.^® Staphylococcus toxoid is an effective antigen capable of 
provoking high titer antitoxic sera in rabbits. The concentration of 
formaldehyde, the pH of the reaction and the temperature all influence 
the rate of detoxification. The loss of primary toxicity according to 
Burnet follows an approximate monomolecular course, i. c., when the 
logarithms of the hemolytic titers are plotted against time a curve is 
obtained which approaches a straight line. It would appear therefore, 
according to Burnet,'® that formaldehyde acts directly on the toxic 
groups vathout affecting other parts of the toxin molecule which are 
concerned only with antigenicity and combining activity. 

Strong acids and alkalies destroy staphylocoecus toxin very quickly.®® 
There is little data to indicate that toxin thus treated is either antigenic 
or that it retains its combining power for antitoxin. Benzoate, sodium 
tartrate and lactic acid, according to Nelis, produce only a minimum 
detoxifying action on staphylococcus toxin, while salicylic, benzoic and 
especially B. oxjmaphtolic acids produce a much greater detoxification. 

Staphylococcus toxin is detoxified by shaking it with either chloro- 
form or ether. In this method an equal volume of ether is added to 
staphylococcus toxin. The mixture is placed in a sealed tube and 
mechanically shaken. After a period of 10 minutes the toxin contains 
only 32 % of the original amount of hemotoxin. When similarly treated 
for 48 hours only 0.46% is demonstrable. Staphylococcus toxin thus 
treated with chloroform is a very poor antigen. Johlin" thinks 
that the process of detoxification of staphylococcus toxin with both 
chloroform and with ether is one of interfaeial adsorption. The effects 
produced by this surface adsorption are undoubtedly that of the cata- 
lytic action of surface concentration and orientation. 

Li®® was able to remove completely the hemolytic, dermonecrotic and 
lethal properties of staphylococcus toxin by the combined action of 
methylene blue and light. The toxin thus treated was equal in hnti- 
genieity to formol-toxoid and alum precipitated formol-toxoid. This 
method of detoxification is especially interesting since it is considered 
to be one of oxidation. 

IV. Relation Between the Staphylococci and the Production of Toxin. 
The relationship between the cultural characteristics of staphylococci 
and the production of toxin has been frequently studied since Ogston,®® 
in 1882, first suggested a classification for this bacterium. It was recog- 
nized very eply that staphylococci from pyogenic foci produce pigment. 
This gave rise to the separation of the organism into the aureus and 
albus groups. 

Neisser and Wechsberg®® were among the first to note a variation in 
the amount of toxin produced by certain strains of staphylococci. Those 
isolated from carbuncles and deep seated foci of inflammation in the 
human were usually toxin producing strains. Staphylococci isolated 
from animals may produce toxin. Minett®® found that staphylococci 
isolated from suppurative processes in dogs may produce a toxin which 
IS highly active against sheep red corpuscles but inactive against rabbit 
red blood cells. This and other observations indicate that the hemo- 
toxin produced by different strains of staphylococci may be different. 

The type of hemotoxin produced by staphylococci apparently is 
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influenced by the environmental conditions under which the organisms 
have been growing and also the medium in which the bacteria are grown 
for the production of toxin. These factors have not always been con- 
sidered in the studies on the type of hemotoxin produced by different 
cultures of staphylococci. Some of the observations on Beta toxin 
have been made with organisms isolated from animal sources.^® 

There appears to be no relationship between the quantity of toxin 
produced by the staphylococcus and the virulence of the organism for 
man. Recent observations suggest, however, that there may be some 
relation between the amount of hemotoxin necessary to lyse rabbit red 
cells and the virulence of the organism for the rabbit. Timmerman®^ 
has recently called attention to the variation in the susceptibility of red 
cells from different rabbits to staphylococcus toxin. I have also ob- 
served such a variation in rabbits’ red cells. The difference in the sus- 
ceptibility of red cells from different animals for toxin and the variation 
in the susceptibility of different animals for staphylococci has made it 
difficult to correlate toxin production and pathogenicity. Furthermore, 
to add to the complexity of this problem Bigger^ has noted that the 
amount of toxin produced by any staphylococcus is not always constant. 

It is well knovm that the cultural characteristics of the staphylococcus 
are variable. At present it is questionable whether or not there is any 
relationship between the ability of an organism to produce toxin, its 
virulence and its pathogenicity. McBroom®^ states, however, that 
hemotoxin production in staphylococci is definitely correlated with the 
extent and the speed of reduction of methylene blue to the leukobase. 

V. Staphylococcus Coagulase and Fibrinolysin. Staphylococcus- 
coagulase is more frequently encountered in broth cultures of staph- 
ylococci although it does occur sometimes in certain of the staphylo- 
coccal filtrates.®®” The association of the toxin and the coagulase is 
interesting. 

The phenomenon of the clotting of blood by staphylococci or by the 
products of these organisms was first mentioned by Delezenne in 1898.®^ 
Many observations have been made since that time on the clotting of 
plasma by staphylococci or their filtrates. Gratia®’ and Gross®® ob- 
tained the coagulase free from the bacteria by filtering a broth culture 
of staphylococci. The substance is sometimes heat stable; usually it is 
heat labile.®® Gross considers it antigenic while Sudhues and Schimrigh®® 
and Fisher®®” thinks that it is non-antigenic. 

The action of this coagulase on plasma is similar to that of an en- 
zyme.’® It may or may not be present in filtrates containing staphylo- 
coccus toxin.”’’® This coagulasing substance appears in broth cultures 
within the first 3 days of incubation.®® It can be precipitated from the 
filtrate vuth alcohol and concentrated in saline.®® Coagulase is a sub- 
stance elaborated by the staphylococcus. It is most closely correlated 
with the pathogenicity of this organism for the rabbit, according to 
Cruickshank’® and others.” 

The phenomenon of fibrinolysis and the effects produced by the 
plasma-coagulating substances should be considered along Avith a dis- 
cussion of broth cultures of staphylococci. Filtrates, however, may 
sometimes contain it.®®® Aoi® found that fibrinolysin resists heat 
(100° C. for 1 hour), direct sunlight and many antiseptics. It occurs 
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with greatest regularity in 5 to 14-day-old cultures.-®^ It may be pre- 
cipitated with either 75% alcohol or acetone and it is antigenic.-®*' 

Madison” found that 77% of the 7S strains of staphylococci isolated 
from superficial human infections had no fibrinolytic function, whereas 
90% of 30 strains from "internal” human lesions were fibrinolytic. 
Fisher®®*' says that the fibrinolytic property of the staph 3 dococcus 
appears to be inseparable from the live organisms in 24 out of 2G cases 
studied. Apparently staphylococci elaborate this substance according 
to Fisher as thej’’ grow in the clot. Some of the best plasma-coagulating 
strains shoAv no coagulating activity toward fibrinogen. Fisher thinks 
that this may mean that either there is some substance in plasma and 
not in fibrinogen which aids in coagidation or that staphylococci may 
dissolve the fibrinogen before they clot it.®®** 

Our present knowledge is meager about staph jdocoagulase and the 
fibrinolj'tic properties of staphjdococcus filtrates. It can be said, how- 
ever, that these substances are primarily two different things and that 
both are different from staphjdococcus toxin. Aoi® reports that three 
reactions of the staphjdococcus, the hemolj'^sin, the coagulase and the 
fibrinolysin are intimatelj'^ connected with the pathogenicity as deter- 
mined bj' skin tests on rabbits. 

Neter® has recently studied the fibrinolytic, anticoagulating and 
plasma-clotting properties of staphjdococci. He found that the fibrin- 
olj’’sin dissolves human as well as animal plasma clot. Furthermore, it 
can be specifically neutralized by staphjdococcus antiserum. The rela- 
tion of the fibrinolytic, anticoagulating and plasma-clotting properties 
to the toxin produced bj^ the staphylococcus was not considered, how- 
ever, by Neter. 

VI. Pathologic Lesions. De Cliristmas,^® in 1888, apparentlj"- was 
the first to observe the local effect of staphylococcus toxin on any 
tissue. Acute conjunctivitis developed following an injection of it into 
the anterior chamber of a rabbit’s eye. Conjuncti%dtis^ may even occur 
when the toxin is instilled into the eyes of both human beings and 
e^erimental animals. Allen^ has recentlj’^ shown that a keratoconjunc- 
tivitis may also occur following the local injection of staphjdococcus 
toxin into the eye. The lesion produced by staphjdococcus toxin, 
according to Allen, is similar to that so frequentlj'^ found in clinical 
cases of staphylococcus conjunctivitis. 

Staphylococcus toxin when injected subcutaneously produces local 
necrosis. Von Lingelsheim,®® in. 1900, apparently was the first to pro- 
duce this lesion in the skin of the rabbit. Since that time it has been 
frequently described. Parker,®® in 1924, gave the histologic changes in 
the rabbit’s skin following the local injection of this toxin. Recently 
I have studied the lesions produced by staphylococcus toxin in the 
subcutaneous tissue of mice.®®“ They are characterized by necrosis of 
all the tissue in the area. It is interesting that there are very few leuko- 
cytes present during the first 3 hours following the injection of staph- 
ylococcus toxin. This may indicate that leukocytes either do not reach 
the zone or that these cells are destroyed immediately by the leukocidic 
action of the toxin. After 3 hours apparently all the toxin has either 
united with the tissue or has been removed by the lymph and blood. 
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Leukoc^'tes have invaded the area of necrosis at this time and appar- 
ently they are ver 5 ’- active in phagocytozing the debris. 

A potent preparation of staphylococcus toxin usually produces injury 
when injected into any tissue. Recently the lesions produced by this 
toxin when injected through the patella into the knee joint of rabbits 
were described.’®® The acute process is characterized by edema and 
hyperemia of the periarticular tissues accompanied by a small amount 
of bloody fluid in the joint cavity. This acute reaction slowly subsides 
and there develops a chronic reaction accompanied by a proliferation of 
fibrous tissue around the joint. The cartilage of the ends of the bones 
may become eroded. 

Focal areas of necrosis in the colon is another lesion that follows the 
local injection of staphylococcus toxin in the dog.’®"* The wall of the 
colon is edematous, and hyperemic 24 hours after the local injection of 
staphylococcus toxin. The mucosa is necrotic and areas are sloughing 
at this time. The lumen of the glands in the mucosa are frequently 
filled nnth degenerated epithelial cells and debris. The epithelial cells 
lining these glands show all degrees of injury from cloudy swelling to 
coagulation necrosis during the first 24 to 36 hours. The edema de- 
creases considerably by the second to the fourth day following the injec- 
tion of the toxin. Ulcers are present in the mucosa at this time. The 
margin and base of these ulcers are irregular and the adjacent tissue is 
infiltrated with leukocytes. Regeneration of the mucosa apparently 
begins very early and after 9 days many of the ulcers are covered by 
new epithelium. 

Necrosis occurs in the brain of the dog in the areas injected with 
staphylococcus toxin.’® ^ A similar lesion is produced by the same 
quantity of infusion broth injected into the brain of the same animal. 
In view of the latter lesion it would seem more likely that the necrosis 
following the local injection of staphylococcus toxin is due to trauma 
rather than to the direct action of staphylococcus toxin on brain tissue. 
Collections of red blood cells infrequently occm around the small blood- 
vessels in the cerebral cortex follownng an intravenous injection of 
staphylococcus toxin in the dogs. These collections of red cells are 
similar to other lesions which occur in the dog following the intravenous 
injections of this toxin.’®® 

Pathologic lesions occur following the oral administration of staph- 
jdococcus toxin. The association of staphylococci with certain cases of 
food poisoning makes the significance of this route very important. 
Borthwick® has introduced staphylococcus toxin into the stomach of 
laboratory animals. The animals thed at intervals varying from 2 
minutes to 5 days. Intense congestion of the mucosa of the stomach 
and duodenum associated with small hemorrhages in the tissue and 
effusion of blood into the lumen, congestion and hemorrhages in various 
internal organs constituted the most important postmortem lesions. 

Borthvdck® discusses the effect of the gastric secretions on staphylo- 
coccus toxin. His experiments indicate that this toxin can be absorbed 
through the intestinal mucosa of the rabbit and guinea pig. The sensi- 
ti^dty of staphylococcus toxin to slightly acid and alkaline reactions is 
of special interest in considering the frequency of the occurrence of 
staphylococcus food poisoning in the human. 
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Lesions have been frei]nently observed in the different viscera fol- 
lowing the intravenous injection of staphylococcus toxin. The pro- 
duction of these lesions have been attributed to specific fractions in the 
filtrate. Van de Velde, in 1894, first observed that leukocytes were 
destroyed by staphylococcus toxin. He gave the name leukocidin to 
that fraction in 'the toxin which destroyed these cells. A leukopenia 
develops following multiple intravenous injections of staphylococcus 
toxin in the rabbit.^ Young myeloid cells appear in the circulating 
blood of these animals provided they survive the acute effects of the 
toxin for 36 hours or longer. The femoral bone marrow is hyperplastic 
in these animals if they live for 3 days or longer.’®' These new cells 
appear to be of the myeloid series. Rabbits given staphylococcus toxin 
intravenously and dying within 24 to 48 hours usually show only focal 
areas of necrosis in the bone marrow. From these observations it 
would seem that staphylococcus toxin may destroy leukocytes both in 
the bone marrow and in the circulating blood. 

Neisser and Weehsberg^ introduced a method to study the effect of 
toxin on white blood cells. It was based upon the fact that living leuko- 
cytes reduce solutions of methylene blue. The method is particularly 
adaptable for quantitative studies. 

Staphylococcus toxin may effect the erytlvroblastic series of cells as 
well as the myeloid following an intravenous injection. This was first 
noticed by Denis and Van de Velde®® in 1895 and Kraus and Clair- 
mont®® in 1900. Since that time the action of staphylococcus toxin on 
red blood cells has been frequently studied in an attempt to learn 
something of the mechanism of hemolysis. 

Kraus and Pribram,®^ in 1906, observed that certain filtrates of broth 
cultures of staphylococci kill rabbits in 5 to 30 minutes following an 
intravenous injection. Similar results have been obtained by others 
following the injection of staphylococcus toxin. The lethal factor has 
been applied to that substance in the filtrate responsible for this acute 
death. 

Neisser and Levaditi,®i in 1900, described areas of necrosis in the 
cortex of rabbits’ kidneys following the intravenous injection of staph- 
ylococcus toxin. Nephrotoxin is the term applied to the fraction in the 
sta,phylococcus filtrate responsible for the production of this renal 
lesion. Similar areas of necrosis have been described by others in the 
kidneys of rabbits, cats and dogs.®®-®®-’®'”’®^ 

Neisser and Levaditi®'^ thought that these cortical necroses resulted 
from the occlusion of blood-vessels in the kidney by emboli; further- 
more that these emboli were formed by groups of leukocytes which 
had been destroyed through the action of the leukocidin present in the 
same toxin. Rigdon, Joyner and Ricketts,®® in 1934, expressed the 
opinion that this renal lesion resulted primarily from the direct action 
of staphylococcus toxin on the cells in the kidney. Glynn®® more 
recently has shown that the mitochondria in the tubular epithelial cells 
of rabbits show evidence of injury within 5 minutes following an intra- 
venous injection of staphylococcus toxin. 

Focal areas of hemorrhage and,necrosis have been observed following 
the intravenous injection of staphylococcus toxin in the gastro-intestinal 
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tract, heart, pericardium, lungs, liver, adrenals, mesentery, spleen, 
diaphragm and bladder.''®'*’^ 

The many lesions produced by staphylococcus toxin apparently have 
led to diverse opinions on the mechanism of the action of this toxin. 
There are several well established terms that are used at present to 
denote specific fractions in the toxin. Many attempts have been made 
to prove that these fractions are either the same or different substances. 
Much of the work of the early investigators supports the theory that 
staphylococcus toxin is composed of multiple fractions. Hecent experi- 
ments, however, indicate that the toxin may not be so complex. 

Neisser and Wechsberg®® considered the leukocidin as a substance 
different from the hemolysin. Their experiments showed, however, 
that some leukocidin was adsorbed on red blood cells along with the 
hemolysin. Furthermore, the hemolysin as well as the leukocidin de- 
creased when a filtrate was put with leukocytes. Another factor which 
indicates that the hemolysins and leukocidins are not the same sub- 
stance is that antibodies for the leukocidin are produced in an animal 
immunized mth only a lysin containing filtrate. 

Wright^®® examined the filtrates prepared by the method of Parish 
and Clark from cultures of staphylococci of pathologic and non-patho- 
logic origin, and found that alpha hemolysin and leukocidin as deter- 
mined by the Neisser and Wechsberg technique were identical. Panton 
and Valentine,®® using human neutrophils, found a leukocidin different 
from alpha hemolysin. Proom’® has studied the relationship of the 
Neisser and Wechsberg type of leukocidin to the Panton-Valentine type 
and to alpha hemolysin. It appears from the latter’s observations that 
the method of preparation of the toxins is of fundamental importance. 
Leukocidin may be present in filtrates from young cultures of certain 
strains of staphylococci which may not produce high alpha hemolysin. 
Both the alpha hemolysin and the Panton-Valentine leukocidin destroy 
the respiratory powers of the rabbit’s neutrophils. 

Weld and Gunther®® state that they were able to adsorb on red cell 
stroma the substances responsible for sudden death, the renal lesion, 
hemolysis and the leukocidin. Nine-tenths of the hemotoxin and leuko- 
cidin was removed by the stroma, leaving the necrotoxin undiminished 
in the filtrate. It would appear unwise to conclude too much from 
this experiment in view of the wide variation in the susceptibility of 
rabbits to staphylococcus toxin; and furthermore Weld used only 2 
rabbits to test the stroma absorbed filtrate. 

Flaum and Forssman,®^'®®® in one of their many studies on staphylo- 
coccus toxin, absorbed the hemolysin on sheep red blood cells. Recently 
I titrated the hemolysin in a single preparation of toxin, using a 1 % 
suspension of rabbit and sheep red cells, and found that the latter cells 
were not lyzed by a low dilution of the toxin. After being in contact 
vdth sheep cells for 18 hours this concentration of toxin when placed 
■with rabbit cells lyzed them approximately the same as the toxin that 
had not been in contact with sheep cells. The results of the latter 
experiments indicate that either the toxin used was not adsorbed on 
the sheep cells or that a specific hemolytic fraction for these cells was 
adsorbed but that it was in a concentration too small to hemolyze the 
sheep cell. 
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Evidence has been accumulating since 1921 to show that there may 
be two and possibly more hemolytic substances in staphylococcus topn 
antigenically distinct from each other." Walbum®'''' noticed a 
peculiar type of hemolysis Avhich took place in the ice-box after a pre- 
liminary period of incubation at 3/ C. when goat cells^ were used. 
Bigger® and his associates at first concluded that the lytic substance 
responsible for the destruction of sheep cells was different from the 
rabbit-erythrocytic hemolysin. Furthermore, these two fractions show 
little or no antigenic activity. Bigger® later suggested, however, that 
the difference in the lysis of sheep and human red cells may be due to 
several hemolysins present in the filtrate, although such lysis could be 
explained by the presence of only one hemolysin and other accessory 
substances that inhibit or aid the hemolysis. Glenny and Stevens®® 
found two antigenically separate substances in a single staphylococcus 
filtrate. They called these hemolysins alpha and beta. The former 
lyzed rabbit and sheep cells at 37° C., the latter hemolyzed only sheep 
corpuscles when they were placed in the ice-box. Bryce and Rountree" 
confirmed the observation of Glenny and Stevens®® and reported strains 
of staphylococci that produced only Beta hemotoxin. 

The Alpha hemotoxin is most frequently encountered in staphylo- 
coccfls filtrates and apparently it is the one from which the international 
standard unit of antitoxin was prepared. If subsequent investigations 
substantiate the work of Smith and Price®^ that strains of staphylococci 
pathogenic for man produce a significant amount of Beta hemoto.xin 
then it may be necessary to change the present standard unit of antitoxin. 

The demonstration of two or more hemolytic substances in a staph- 
ylococcus filtrate; the limited knowledge which we have at present \snth 
regard to the formation of toxin and the mechanism of lysis of red blood 
cells, all contribute to a greater confusion when the subject of one or 
more fractions in staphylococcus toxin is discussed. Burnet,"® Parish 
and Clark,®® Nelis,®® and others think that staphylococcus toxin con- 
tains only one substance that produces lesions in manj' different tissues. 
Nelis®® found that the rate of destruction of the hemolysin by heat 
paralleled the rate of destruction of the other toxic properties. I have 
also found that the rate of destruction of the hemolytic fraction parallels 
the rate of destruction of the skin necrotizing factor.®®^ Burnet®® 
observed that all the fractions attributed to staphylococcus toxin were 
destroyed at a parallel rate by formaldehyde. The skin neerotizing 
and the hemolytic factor are also destroyed at the same rate when this 
toxin is shaken with either chloroform or ether. Travassos®® and others 
have found that staphylocoecus antitoxin neutralizes all the different 
fractions in staphylococcus toxin. 

Other investigators, among whom there are Dolman,®®“ Parish,®® 
Pan ton and Valentine®® and Forssraan®® tliink that some of the fractions 
in staphylococcus toxin may be the same substance but that there are 
more than one responsible for the diversified effects produced- by this 
toxin. Parish and O’Meara®® express the opinion that the intradermic 
value of toxin approximates to the hemolytic value when rabbits’ red 
blood cells are used. Panton and Valentine®® find that the hemolysin 
and the^ dermo-necrotic toxins are closely associated and that there is 
no relation, however, between these and the leukocidin. 
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A gastro-intestinal or enterotoxic fraction was attributed to the 
staphylococcus first by Barber^ in 1914. This substance has been 
studied subsequently by Jordan and his associates, 
and many others. Staphylococcus filtrates containing tliis enterotoxic 
substance may produce vomiting, gastro-enteritis, diarrhea, fever and 
collapse in the human when taken by mouth.-^' Some investigators 
have obtained similar symptoms following the ingestion of the filtrate 
in experimental animals. The meehanism of the effeets produced by 
this toxin is not kno\vn. The pathologic lesions accompanying staphylo- 
coccus food poisoning apparently have been studied only in a few cases.’^ 

Several eontroversies have arisen over this enterotoxic substance. 
Woolpert and Dack,®® and Dolman®^ and his associates report that it 
is distinct from the toxic substance frequently produced by the staphjdo- 
coccus. They contend that it is antigenic and that it is present after 
heating filtrates for 30 minutes at 100° C. Eaton®® states that this 
enterotoxic substance may be a metabolite and not a true toxin. Jordan 
and Burrows found it non-antigenic and unlike other well-defined toxins; 
it is soluble in organie solvents. 

Davison and Back®® attribute the following properties to staphylo- 
coccus enterotoxin : “ It is relatively heat stable, but prolonged boiling 
or autoclaving gradually decreases its potency. It is not extracted from 
filtrates with chloroform. The varying results indicate that some unde- 
termined factor controlled alcoholic precipitation. However, the entero- 
toxin retains its potency after treatment "with alcohol, while the lethal 
staphylococcus toxin is destroyed. It is salted out of solutions saturated 
with ammonium sulfate, but not from those half saturated.” 

It is of interest to note that Woolpert and Back could demonstrate 
gastro-intestinal toxin in none of the staphylococcus filtrates without 
other toxic substances also being present. There seemed to be a rough 
correlation between the amount of food poisoning substance and the 
other toxic factors.®® 

All the tests suggested for determining the presence or absence of 
“food poisoning strains” of staphylococci apparently have proven unsat- 
isfactory. The results of the cultural method described by Stone®® 
does not parallel that of Dolman’s kitten test.®^ In the latter, young 
kittens are given an intraperitoneal injection of the filtrate. If they 
vomit the filtrate contains the enterotoxic factor. I found that kittens 
and young puppies would vomit following the intraperitoneal injection 
of infusion broth as well as with staphylococcus toxin.’'®* 

There is very little definite information on the mode of action of 
staphylococcus toxin. Animals given a small amount of a potent toxin 
intravenously may die in 2 to 5 minutes. At autopsy, no gross lesions 
are demonstrable. Glynn®® has found degeneration of the mitochondria 
in the tubular epithelial cells of the kidney after this short interval. 
Hemorrhages and capillary dilatation are the characteristic pathologic 
lesions found when the toxin is given intravenously and a period of 
only a few hours elapses before death. Focal and diffuse areas of 
necrosis occur in many of the viscera if the animal survives 15 hours 
or longer following an intravenous injection of a potent toxic filtrate. 
In view of these pathologic lesions it would seem that staphylococcus 
toxin injures directly the cells. There is a variation in the suscepti- 
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bility of the different cells to this toxin as shown hy the difference^ in 
the pathologic process in the different viscera. The sudden death which 
so frequently follows the intravenous injection of staphylococcus toxin 
may indicate that a large number of cells are severely injured and an 
insufficient time elapses for these cells to undergo the histologic changes 
that are recognized as those following a severe injury. Animals that 
survive the acute effects of staphylococcus toxin die apparently as the 
result of the action of the toxin on the parenchymatous tissue. Such a 
form of death is well illustrated hy those animals that develop renal 
necrosis following an intravenous injeetion. They show a marked reten- 
tion of non-protein nitrogen in the blood at the time of death.’®"* 

Vn. Physiologic Effects of Staphylococcus Toxin, Some of the phys- 
iologic effects produced by staphylococcus to.xin have been studied and 
apparently they are closely associated with certain pathologic lesions 
previously described. Russ®^ and Kellaway, Burnet and Williams, ‘‘‘ 
have observed an immediate drop in blood pressure following the intra- 
venous injection of staphylococcus toxin. Russ thought that this effect 
was the result of an obstruction in the pulmonary circulation. Kellaway 
and his co-workers were of a similar opinion. They also thought that 
there was some pharmacologic substance in the medium which in addi- 
tion affected the blood pressure. Infusion broth when injected intra- 
venously into anesthetized dogs produced a drop in blood pressure 
similar to that which occurs when staphylococcus toxin is injected into 
the same animal. In this e.xperiment I was unable to determine whether 
or not the drop in blood pressure was due to the staphylococcus toxin 
or to some other constituent in the filtrate.’®" In view of the injury to 
endothelial cells by the toxin it is very likely that there would be a fall 
in blood pressure following the injection of staphylococcus toxin. Until 
this toxin is obtained in a chemically pure form it would appear difficult 
to determine the effect of it on the blood pressure. 

Nelis and Bouchaert®"* observed a progressive decline in the blood 
pressure which was also accompanied by a preliminarj'- slowing of the 
heart and was followed by the appearance of extrasystoles and finally 
culminating in ventricular fibrillation. Dingle’® and his co-workers, in 
studying the effect of staphylococcus toxin on the rabbit’s heart with 
electrocardiographic tracings observed evidence of severe myocardial 
damage accompanied by venous engorgement preceding collapse and 
death. They concluded from their experiments that death resulted 
from the direct action of staphylococcus toxin on the myocardium. 

Nelis and Bonnet®® have observed the effect of staphylococcus toxin 
on the central nervous system. The toxin was injected into the cranial 
cavity and into the spinal canal. The effect is characterized by muscu- 
lar contractions, convulsive movements, respiratory and cardiac diffi- 
culties and death. The rapidity with which death occurs is influenced 
by the quantity and potency of the toxin. Nelis thinks that staphylo- 
coccus toxin affects the respiratory center and that this is the mechanism 
of its lethal action. 

^ of fbe Mode of Action of Staphylococcus Toxin, 

the mechanism of the effects produced by staphylococcus toxin is sug- 
gested hy the pathologic lesions and the physiologic changes observed, 
the mitochondrial changes described above in the renal tubular epi- 
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thelium apparently are not the only early acute injuries produced by 
this toxin. It is very probable that almost every functioning cell in 
the body is more or less severely damaged by staphylococcus toxin 
following the intravenous injection of a large dose. The dilated capil- 
laries throughout the bodj' and the presence of small hemorrhages sug- 
gest that this toxin injures the capillary endothelium. Blood escapes 
from the vessels as a result of this capillary damage. Staphylococcus 
toxin may therefore be considered an endothelial poison. 

The cellular lesions which follow the local injection of staphylococcus 
toxin resemble those which occur in some of the viscera following an 
intravenous injection of the same filtrate. Coagulation of the cyto- 
plasm in many of the cells throughout the body suggests that staphylo- 
coccus toxin may unite very readily with certain tissues. As a result 
of this union the cells are either partially or completely destroyed. 

Levine/” considering the mechanism of the effects of the hemolytic 
fractions in staphylococcus toxin, concludes from his experimental 
studies that the so-called “hot-cold lysis” is not a special case, due 
either to “abnormal toxins” or to an interfering substance. It may be 
only an expression of the same basic principle which conti'ols adsorp- 
tion in general. 

The rate of union of toxin with red cells may be influenced by the 
composition of the toxin as well as that of the cell. Seiffert®® has shown 
that staphylococcus toxin is not fixed by the hemoglobin but by certain 
substances in the red cell, probably a lipoid or combination of lipoids. 
The formation of some substance by this lipoid and toxin alters the 
permeability of the cells and allows the escape of hemoglobin. 

There are many observations to show that staphylococcus antitoxin 
given before a lethal dose of staphylococci or staphylococcus toxin 
inhibits death. This apparently would support the idea that toxin 
unites with cells to produce its injurious effect. 

A single toxin may injure many different types of tissue. The degree 
of injury may be influenced by the type of cell as well as the concentra- 
tion of toxin in the cell. In view of the effects of staphylococcus toxin 
on different tissues and the lack of experimental data to disprove it, 
there appears to be sufficient evidence to assume that staphylococcus 
toxin has at least one substance that lyses red blood cells, necrotizes 
the skin, destroys leukocytes, produces necrosis in the kidney and causes 
acute death of animals. 

IX. Immunity. Staphylococcus antitoxin has been recognized since 
Van de Velde,®® in 1894, described it along with his observations on 
leukocidin. This antitoxin is frequently found normally in the serum 
of humans and experimental animals. Bryce and Burned® have studied 
the antitoxic content of the serum from individuals from birth to the 
seventh decade. Thej'^ found that natural immunity is present a 
birth, presumably the result of a passive transfer from the mother. 
Tliis antitoxic immunity is lost during the first few weeks of postnata 
life. It slowly develops again during the first year and reaches the adu 
level at approximately the sixth year and remains more or less constan 
until old age, at which time a slight fall occurs. i f m 

The antitoxic content of sera found in adults may have resulte 
unrecognized antigenic stimuli. There is a variation in the titer ro 
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different individuals. The antitoxic content of sera can usually be 
increased by a series of injections of staphylococcus toxin, toxoid or y 
prolonged infection with certain staphylococci.«-i=>“ ^...55 , 3 Ammals 

with an increase in the antitoxic titer exhibit an increased skin re^stance 
to the necrotizing effect of staphylococcus toxin, according to Dolman 
and Kitchings.-”’’ There is no definite parallelism, however, between 
the increase in the amount of circulating antitoxin and the degree of 

acquired skin resistance to toxin. _ _ j • 1 -i 1 

Natural antistaphylotoxic immunity occurs in the rat and m the 
rabbit similar to that in the human.'® There is some evidence which 
indicates that this immunity in the rat may be actively acquired through 


a series of infections. 

Rats born from mothers immunized either during gestation or a very 
short time before pregnancy have a sufficient number of antibodies 
after 30 days to survive a lethal dose of staphylococcus toxin given 
intraperitoneally. In the study of this immunity it has been impossible 
to determine whether or not the antibodies passed directly from the 
mother to the fetus through the placenta or if the antigen passes the 
placenta and the antibodies are produced by the fetus.'®'* 

The method of increasing the antitoxic titer by a series of injections 
of staphylococcus toxoid has offered an apparently, satisfactory way to- 
treat many of the clinical cases of skin infections due to the staphylo- 
coccus.®'*'’-" This form of therapy, how'ever, has not given satisfactory 
results in the treatment of osteomyelitis.®-'® 

Another method of immunization was possible when experiments 
showed the antitoxic titer of serum could be increased by a series of 
injections of either staphylococcus toxin or toxoid. The antitoxin thus 
formed neutralizes staphylococcus toxin both in vivo and in viiro-^^'^^'- 
67,7o,77,79A.89 Pfoschcr,™ in 1903, stated that “the first stipulation which 
we request for an antistaphylococcus serum which would have thera- 
peutic value for man is that such would protect experimental animals 
against staphylococcus infections. This postulate has, up to now, not 
been filled.” At present there is considerable experimental data to 
show that staphylococcus antitoxin given to rabbits will protect them 
against a lethal dose of a broth culture of staphylococci. This antitoxin 
also protects rabbits against the toxin derived from several different 
strains of staphylococci.®' 

Recently, in studying the effect of staphylococcus antitoxin on the 
reaction produced by toxin and non-toxin producing strains of staphylo- 
cocci, it was found that mice previously passively immunized showed 
a marked increase over the untreated controls in the number of neutro- 
phils and the degree of phagocytosis of the bacteria.'®' The lesions 
produced by the toxin were also inhibited in the immune mice. These 
experimental results confirm the opinion expressed in 1936 by Ramon 
and his associates.'® They stated that the antitoxin protected the cells 
and tissues against the necrotizing action of staphylococcus poison and 
thus made a less favorable medium for the growth and multiplication 
of the organism. 

Smith,®®® in studying the relationship between circulating antitoxin 
and resistance to experimental infection with the staphylococcus, found 
that the resistance of rabbits to the intravenous injection of strain 
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Wood 46 is correlated with the alpha antitoxin content of the serum. 
Antitoxin, however, does not prevent the development of localized 
staphylococcus lesions when the organisms are given intravenously. 
Mercier’s®^ observations indicate that staphylococcus antitoxin may 
prevent lesions produced by the local inoculation of staphylococci. 

The inhibitory effect of staphylococcus antitoxin on staphylococcus 
toxin may be shown in viiro. Antitoxin is added to blood agar at the 
time the medium is poured into petri dishes. Staphylococcus toxin, 
when dropped on the surface of blood agar, causes a zone of hemolysis 
to form; however, this lysis does not occur when the medium contains 
specific amounts of the antitoxin. Furthermore, hemolytic strains of 
staphylococci, when gro^vn on the surface of blood agar media contain- 
ing antitoxin, shows either an absence or inhibition of the hemolytic 
zone about the colonies.^^" Sulfapyridine added to blood agar media 
inhibits the rate of growth of the colonies; however, it does not have 
any effect on the toxin produced by the staphjdococcus.®*’ Experiments 
now in progress show that sulfapyridine when given intravenously to 
rabbits does not prevent death produced by an intravenous injection 
of staphylococcus toxin. 

Smith®®" has presented some of the problems that may be encountered 
in the testing of antigens for comparative potency. She has also called 
attention to the inhibitory action of glycerol on the necrosis produced 
by staphylococcus toxin in the skin of the rabbit and the guinea pig. 
The action of glycerol, sucrose and glucose in inhibiting the necrosis is 
one of partial destruction of the toxin, according to Smith.®®' I have 
observed a similar inhibitory effect produced by hypertonic solutions 
of sodium chloride on rabbits’ red blood cells and also upon the skin 
necrosis produced by this toxin. When staphylococcus toxin is added 
to red blood cells in hypertonic sodium chloride solutions the degree 
and rate of lysis is inhibited. Apparently some change occurs in the 
red blood cell to render it refractive to the hemolytic action of staph- 
ylococcus to.xin. Sodium chloride, added directly to staphylococcus 
toxin in a quantity sufficient to make a 12 % concentration, does not 
destroy the hemolytic action.’^®'' Rabbits injected intradermally with 
hypertonic solutions of sodium chloride and the bleb subsequently 
injected with toxin fail to show necrosis at the point of injection, but 
skin necrosis does occur below this site. The inhibitory action of sodium 
chloride on the dermal necrosis may be the result of the action of the 
salt on the tissue cells. The change effected may inhibit the union of 
the toxin and the cells. Staphylococcus toxin apparently is not neutral- 
ized by sodium chloride in the tissue since necrosis frequently occurs 
inferior to the point of injection of the toxin in areas pre\dously treated 
with a hypertonic concentration of sodium chloride.’®® 

The e.xperimental results in the treatment of staphylococcus infection 
would indicate two approaches to clinical therapy : first, an attempt to 
neutralize the toxin and, second, to increase phagocytosis of the bac- 
teria. The choice of therapy in any case must be influenced by whether 
or not the staphylococcus produces a toxin. If the organism produced 
no toxin, then any method by which the number of phagocytes can be 
increased apparently is indicated. If the bacterium produces a potent 
toxin then an increase in the antitoxic titer is of prime importance. It 
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neutralizes the toxin before further tissue rlainap occurs. Tn any 
staphylococcus infection, immunity will he aided if the organism can 
be rendered more susceptible to plnigocytosis either by increasing the 
opsonin or the agglutinins. The experimental results in a study on 
passive antitoxic immunity indicate that an increase in the mimher of 
leukocytes and an increase of phagocytosis occurs when the animal is 
given staphylococcus antitoxin. 

Holmany^ statement made in HKk) is still significant. “Tlie progrc.ss 
during the last few years bus greatly increased the knowledge of the 
mode of infection and wide potential powers of the staphylococci, and 
there is hope that more scientific methods of treatment and prevention 
may develop if all the various aspects of the problem can he properly 
correlated and cfVeetively evaluated.” 

X. Miscellaneous. The standard unit of sta])hylococeus antitoxin 
was accepted by the Ijcague of Nations, Bureau of Biological Standards 
in 1035. It contains 0.0000502 gm. of standard staphylococcus anti- 
toxin and is based on the hemolytic, skin-ticcrotizing and lethal factors 
in the toxin. These units have been accepted by the National Institute 
of Health and arc as follows; 

The hemolytic unit of toxin (II. U.) is the smallest amount of toxin 
which causes complete hemolysis (4-{-) of 1 cc. of a 1 % saline suspension 
of fresh washed rabbit red blood cells. 

The hemolytic test dose (L. H.) is that quantity of staphylococcus 
toxin which is just neutralized by 1 unit of United States Standard 
Antitoxin as is evidenced by inhibition of hemoly.sis. 

The dermonecrotic dose (R. D.) is the smallest amount of to.xin 
which causes necrosis in an area 0.5 cm. in diameter when injected 
intraderinally into the .skin of a healthy albino rabbit. 

Tlie dermonecrotic test dose (L. R.) is that quantity of toxin which 
is just neutralized by 1 unit of Unitetl States Standard antitoxin, as 
manifested by inhibition of dcrmonccrosis. 

The minimum lethal dose (M. L. D.) is the smallest amount of toxin 
which causes the death of a healthy white mouse weighing between 
17 and 22 gm. 

The lethal test dose (L+) is that quantity of toxin which is just 
neutralized by 1 unit of United States Standard staphylococcus anti- 
toxin, as manifest in the survival of the test animal (white mice). 

Since this article on Staphylococcus Toxin was accepted for publica- 
tion, Dr. J. E. Blair has published an interesting review article on “ The 
Pathogenic Staphylococci” (Bactcriol. Rev., 3, 97, 1939). 

R. H. Rigdon, M.D.* 
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EPIDEMIOLOGICAL ASPECTS OF MOTTLED ENAMEL. 

Mottled enamel is a characteristic abnormality of the teeth, caused 
by the ingestion of excessive amounts of fluorides. It ranks well up 
among the commoner dental anomalies, both in the extent of its distri- 
bution through the world, and in the number of persons it affects. The 
disease is of unusual public health interest because prevention is the 
only known method for its control. Once established, the condition 
persists throughout life because treatment is limited to efforts at cos- 
metic improvement, and natural recovery does not take place. 

The results that have been attained in the study of mottled enamel 
during the past few years, serve as an excellent illustration of what can 
be accomplished through application of epidemiologic methods to the 
study of a non-communicable disease. As a matter of fact, a number 
of specialists in the field of public health have found an interest in 
mottled enamel. To the nutritionist the disease is vmusual in that it 
IS caused by an excess of the causative agent, rather than the deficiency 
with which he is so frequently concerned. The water-works engineer 
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encounters a disturbing situation, in tliat his traditional and ever 
present source of safe water, the deep well, too often gives rise to this 
disease through an excess of fluorides. To the dentist, the condition is 
unique in that it is the only well established anomaly which is sharply 
limited to endemic zones or geographic regions. The chemist has found 
an incompletely answered problem in attempting to develop simple, 
accurate methods for the quantitative determination of fluorine in 
food substances, and for the economical removal of fluorides from 
potable water. 

Relation of Mottled Enamel to Other Forms of Poisoning by Fluorine. 
Distinguished from the several forms of chronic fluorosis — which include 
mottled enamel — are the occasional instances of acute poisoning. The 
most obvious lesions come from corrosive action on the mucous mem- 
branes, and on the skin. The clinical manifestations are in direct con- 
trast with those of chronic fluorine intoxication, where systemic effects 
are absent unless the dosage is relatively large and long continued; and 
where the changes that follow are the result of selective localization of 
the chemical in tissues. 

Roholm'*^ summarized the literature of acute fluorine poisoning from 
1873 to 1935, recording 60 fatal and 52 non-fatal cases. The most 
common sources were insecticides, rat poisons, and disinfectants. The 
clinical manifestations were those of acute gastro-enteritis, convulsions 
and paresis, with terminal vasomotor collapse. From animal experi- 
ments^® and from observation of humans^® a single dose of fluoride 
below the level at which toxic symptoms develop, has been shown to 
cause changes in the calcifying tooth characteristic of mottled enamel, 
although limited of course to a relatively small part. 

Other pathologic and physiologic changes besides mottled enamel 
are known to result from chronic fluorosis. A characteristic sclerotic 
affection of the bones, which sometimes extends to adjacent structures, 
occurs in workers engaged in the cryolite industry®® tlwough exposure 
to dust containing fluorides. Bishop® reported similar bony changes 
in an industrial worker exposed for 18 years to rock phosphate dust. 
Shortt et al.^^ reported 10 adult patients with advanced fluorosis, where 
symptoms first appeared at about 30 years of age. Smith®® was unable 
to find any bony changes in children with marked mottled enamel and 
felt that the teeth were much more sensitive to fluorine than the bony 
skeleton. 

Rather recently interest has been given to a. possible interrelation- 
ship between the metabolism of fluorine and thyroid activity.®® Appar- 
ently fluorine can be stored^®® in the thyroid in relatively high concen- 
trations, although most of the evidence points against any direct rela- 
tion between fluoride ingestion and actual enlargement.®® 

Despite the general assumption that defective teeth predispose^ to 
dental caries, McKay®®'-®®^ long ago stated, that although representing 
the most poorly constructed enamel of which there is any record in 
dentistry, the teeth of mottled enamel show no ^eater liability to 
dental caries than do normally calcified teeth. Epidemiologic^ contri- 
butions of a number of workers®’®® from several countries'* have 
strongly indicated that the ingestion of fluoride bearing waters is asso- 
ciated with a decrease in the incidence of dental caries. That the active 
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principle is fluorine, has not been satisfactorily established. Other 
evidence,^® while confirming the phenomenon, suggests that no greater 
importance can be attached to the fluoride content of drinking water 
than to its total hardness. It is possible that a wholly independent 
constituent is the answer. If fluorides do act as a protective factor in 
dental caries, that action is independent of the presence of mottled 
enamel, as indieated by the field studies thus far made in America.^^"'^® 
These investigations have been limited to children less than 16 years 
old, and have been principally concerned with regions where the usual 
concentration of fluoride in water is relatively low, although sufficient 
to cause mottled enamel. This associated interest in studies of mottled 
enamel is now attracting much interest. 

The effects that follow ingestion of fluorine depend upon the dose, 
the mode of entry into the body, the duration of exposure, the type of 
fluorine compounds, the age of the individual, the composition of the 
diet and other less well understood factors. Until more is learned about 
these variables, and until the conditions that govern the secondary 
manifestations of chronic fluorosis can be determined, an understanding 
of mottled enamel would seem to rest on the premise that the calcifying 
tooth is more sensitive to the action of fluorine than are other tissues of 
the body, and that the milder forms of mottled enamel occur without 
other manifestations of chronic fluorosis. 

Definition of Mottled Enamel. This hypoplastic abnormality of the 
teeth results from taking excessive amounts of compounds of fluorine 
into the body during that period of childhood when calcification of the 
enamel is under way. Under such circumstances, both dentin and the 
enamel of teeth are imperfectly formed.'^ When the tooth erupts, the 
enamel is abnormally opaque and chalky white, in contrast to the pearly, 
translucent appearance of normal enamel. White blotchy areas are 
usually interspersed with the areas of more or less normal enamel, a 
situation which has led to the very descriptive term of mottling.® Be- 
cause this dental condition is the result of fluorine intoxication, usually 
over a long period of time, and because of its occurrence in localized 
geographical regions, the name “chronic endemic dental fluorosis”^^'* 
has recently been introduced. 

This dental defect was first called Denii di Chiaie, having been recog- 
nized in Italy well in advance of 1901.®* In Argentina it is known as 
dientes vcieados. Darmous, a dental and mandibular disease among 
herbivora and man in certain parts of North Africa; and gaddur, a 
dental and bone disease among herbivora in Iceland occurring after 
volcanic^ eruptions, are undoubtedly more extreme forms of chronic 
fluorine intoxication, of which mottled enamel is only a part of the clini- 
cal reaction. 

Since inany health officers and practicing physicians have not had 
opportunity to become as familiar with mottled enamel as have dentists, 
consideration is next given to its clinical nature. There follows an 
account of the various etiologic factors. Principal emphasis is given 
to epidemiologic studies in the field, which have better defined the prob- 
lem and as so frequently happens, have formed the basis for improved 
administrative practice for its control. 



434 


PROGRESS OP MEDICAL SCIENCE 


_ Clinical Recognition. When exposure to fluorides has been essen- 
tially continuous since birth, the condition of mottled enamel becomes 
clinically evident as soon as the permanent teeth have erupted. The 
cause lies in the action of fluorine at the time the enamel is in the process 
of calcification and hence takes place in the pre-eruptive stage of tooth 
development. Affected teeth are ill formed, rather brittle, dull and 
chalky white. 

A definite relation exists between the amount of fluoride ingested, 
the fluorine content of the tooth, and the extent of clinical damage. 
When exposure has been great, the affected enamel tends soon after 
eruption to become pitted or even corroded. As a rule the pits and 
corroded areas are more pronounced on the labial surfaces and may be 
completely absent lingually. The pitting and corrosion are the macro- 
scopic reflection of fracture of smaller or larger groups of enamel rods. 
When the exposure to fluorine has been both severe and continuous the 
tooth appears uniformly chalky instead of mottled. 

A characteristic discoloration of the teeth is an added feature of more 
severe intoxications. This may range from light yellow to broivn and 
even to black, and is commonly referred to as brown stain. It is never 
present when the tooth erupts and only appears in enamel already 
mottled. In contrast to other types of dental staining, it is located 
within the enamel structure, rather tlian on the surface. A most pecu- 
liar feature is the regularity with which it is confined to the outer sur- 
faces of the upper front teeth,®®''’ the lower incisors being spared. The 
disfigurement may be extreme. 

Under exceptional circumstances, eruption of the teeth may be de- 
layed, they may then be abnormally small, and may erupt in abnormal 
positions with resulting malocclusion.®* 

Because the permanent teeth calcify at different times and over a 
period of many years, and because calcification of the crown of any 
single tooth requires from 4 to 6 years, it is evident that with varying 
degrees and periods of exposure to fluorides, the extent and degree of 
mottling may vary, not only in different teeth but in parts of the same 
tooth. The ultimate effect from chronic fluorosis can only be deter- 
mined years after the damage has been done. On the other hand, al- 
though ingestion of fluorides after the crown of the tooth has formed 
will sometimes result in a deposition of fluorine, especially in the pulp 
and dentin, it will not cause the changes in tooth structure characteristic 
of mottled enamel. 

An accepted scheme for grading degrees of clinical reaction is essen- 
tial for epidemiologic studies, and is often useful in clinical and public 
health practice. It must take into account the numbers of teeth af- 
fected, clinical severity as indicated by pitting and corrosion, and the 
presence and intensity of the stain. The simple but inclusive arrange- 
ment of Dean'® and his co-workers'® is followed to good advantage in 
community surveys. Details are to be found in the original papers. 
The excellent illustrations of Dean, McKay and Elvove®“ _ and of 
Roholm" aid materially in the interpretation of the classification. 

Experimental Production of Mottled Enamel. The first significant 
contribution toward determining the direct cause of mottled enamel 
was that by McCollum, Simmonds, Becker, and Bunting in 1925.®® 
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Knowing that normal teeth frequently contain fluorine, they proceeded 
to determine experimentally the effect on tooth development of an excess 
of this element. When sodium fluoride was added to a normal diet of 
rats, in amounts but little more than many foods contain, marked 
abnormalities of the teeth constantly occurred. Although the lesions 
were similar to those of mottled enamel in man, described by Black and 
McKay® 9 years previously; no one associated the two conditions. 
Bergara® later described a symmetrical dark stain in the teeth of white 
rats, occurring 4 months after first receiving a diet containing sodium 
fluoride. Tolle and Maynard®® confirmed the work of previous investi- 
gators, by feeding rats sodium fluoride. Continuing their experiments 
they used rock phosphate and triple superphosphate— both of which 
contain fluorine— in place of sodium fluoride. The changes that fol- 
lowed were the same. Chaneles*^ reported on the histopathology of the 
teeth of animals fed sodium fluoride. 

These studies established that a characteristic abnormality of teeth 
could be produced by ingestion of fluorides. A possible connection with 
mottled enamel of man was not considered. Proof that the experi- 
mental and the naturally occurring disease were of similar nature and 
uniform cause, came from epidemiologic investigations in the field. 

Epidemiological Contributions to Etiology. The first observations 
antedate experimental production of the disease by many years. 
Kiilms,®® in 1888, described anomalies of the teeth that are identifiable 
as mottled enamel. A family had returned to Germany from the town 
of Durango in Mexico. Those members of the family who had been 
born in Mexico had irremovable black spots in their teeth. He felt 
that the color of the teeth was possibly due to the presence of oxides of 
manganese resulting from the action of the sun on manganese salts 
deposited in the teeth from drinking water. Eager,®® an officer of the 
United States Public Health Service, stationed in Naples, Italy, pub- 
lished in 1901 an account of his observations on defective enamel of the 
teeth among Italian emigrants, particularly those coming from Pozzuoli, 
a community near Naples. It was a matter of common belief, locally, 
that the condition w’as in some way concerned with the water supply 
and with volcanic emanations. 

That the disease existed in America, first became generally known in 
1902,®^ ^vhen practicing dentists in Colorado Springs undertook a sys- 
tematic investigation. Beginning in 1906, Black® carried on extensive 
and fundamental studies of the disease over a period of 10 years, much 
of the work being in collaboration with McKay. A series of papers,®'®’ 
published in 1916, gave the name of mottled enamel to the condition 
and accurately described the endemicity and time factors involved. 
They presented supportive evidence "to show that it was caused by 
certain water supplies. Subsequently McKay®®“ extended these obser- 
vations to show close association with artesian waters. While thus relat- 
ing the cause of the disease to common water supplies, they had no 
idea of the specific factor involved. 

1925 McKaj'®®® made a survey of Oakley, Idaho, in the course of 
which he found that the children of the town ivho used the municipal 
water supply regularly developed mottled enamel. Children from 
sei^eral families who used a nearby spring water were not affected. On 
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liis recommendation, the latter supply was substituted as the source of 
drinking water for the town ; this being the first instance of a community 
changing its water supply for the sole purpose of preventing mottled 
enamel. 

A survey of Bauxite, Arkansas, made by Kempf and McKay^® in 
February, 1928, might be termed the classical field study of this condi- 
tion. Bauxite was a toivn established in 1901 to provide homes for the 
employees of a mining company. The original domestic water supply 
came from shallow surface wells and a few springs. As the population 
increased, a larger supply was required, and in 1909 a well was drilled 
to the depth of 255 feet, later augmented by two other deep wells. 
Most of the shallow wells were gradually filled in, and for the commun- 
ity proper the deep wells were the principal sources of supply. The 1928 
survey included complete histories and dental examinations of 458 
school children. From these data it was learned that no case of enamel 
defect antedated the introduction of the deep-well water. The oldest 
individual affected was born about the time that it was introduced. 
All persons in the community, who had used the deep-well water during 
any considerable period of enamel formation, exhibited the defect. 
Certain individuals, although residents of the community and attending 
school there, lived beyond the distribution of the deep-well water and 
depended upon the original shallow wells. They had normal enamel. 
Other environmental factors, and the mode of life and dietary habits 
of the people, were much the same in the village and outside the village. 
There was no differentiation by economic class. The use of ivater from 
the central deep wells during the time of enamel formation, seemed to 
be the single common factor. Persons intermittently exposed had 
mottling only of teeth in tlie process of. enamel formation at the time of 
exposure. Other teeth were essentially normal. The e.xtraction of a 
temporary molar from the moutli of a native Bauxite child showed the 
underlying bicuspid to be typically mottled, prior to e.xposure to mouth 
conditions. As a result of this survey the deep wells were abandoned. 
The new water supply was drawn from the Saline River, a source also 
used by the neighboring town of Benton where children showed no 
evidence of mottled enamel. Ten years after this change was made, a 
second study of Bauxite by Dean, McKay and Elvove®® showed that 
mottled enamel among children of the community had ceased then just 
as suddenly as it had started when the deep-well supply was introduced. 

Two separate lines of investigation had led to the situation in 1930 
where a striking abnormality of teetli had been produced experimentally 
in the rat by feeding fluorides; and where a well established dental 
anomaly of humans had been related to water supplies. The two 
observations remained uncorrelated. 

The many epidemiologic investigations had naturally led to detailed 
analyses of water supplies associated with mottled enamel, but examina- 
tion for fluorides had been omitted. Influenced by the qualitative 
demonstration of fluorides in deep-ivell waters from Bauxite, Arkansas— 
these tests were made by Petry, but never reported— Churchill'® e.x- 
tended the observation to waters from Oakley, Idaho, Colorado Springs, 
Col., arid other tornis where mottled enamel was known to be present. 
He found fluoride in all samples examined. He noted also that waters 
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contciining appreciciblG cimounts of fluoride tended to occur in certnin 
geographic regions, but that mottled enamel was not present in all 
cities consuming fluoride bearing waters. His methods^ of analysis 
lacked sufficient quantitative accuracy to permit conclusion that the 
cause of mottled enamel was due to the ingestion of -fluorides, but. he 
suggested further investigations with this in mind. The work of Smith, 
Lantz, and Smit¥^ definitely established the point in 1931. 

Mottled enamel was prevalent in St. David, Arizona. From observa- 
tions in that locality, Smith and her co-workers®® first showed that the 
water supply contained from 3.8 to 7.1 parts per million of fluorine. 
They next proved experimentally that the lesions associated with chronic 
fluorosis in the white rat were identical with those of mottled enamel 
in man. Similar dental defects were produced in rats by feeding them 
sodium fluoride, and by giving them concentrated St. David water. 
A quantitative relation was found to exist between the amount of 
fluoride ingested and the presence of lesions. The amount required 
for development of the experimental disease in rats was greater than 
that which produced mottled enamel in humans. The explanation 
lies in the difference in rate of growth of the teeth, and also explains 
why animals are usually not involved in regions where humans regularly 
develop mottled enamel. These observations were promptly substan- 
tiated by Velu®'® with proof that a similar ailment in North Africa, 
called darmous, was also chronic fluorosis. 

Sebrell, Dean, Elvove, and Breaux®® investigated the water of Con- 
way, South Carolina. It contained 6 parts per million of fluorine, and 
had produced typical mottled enamel in humans. When concentrated 
by methods similar to those of Smith, Lantz, and Smith,®® and fed to 
rats, it produced typical dental defects. They then made a synthetic 
drinking water, comparable to the concentrated natural Conway water 
and containing all of the ions present in amounts greater than one- 
half part per million, with the single exception of fluorine. This water 
produced no noticeable abnormality in the teeth of white rats. About 
the same time, McKay®®" made a second survey of Oakley, Idaho, to 
determine the effect of changing from a water supply that contained 
fluorides to one that did not. Further development of mottled enamel 
had not occurred. 

Pathogenesis. The gross and microscopic pathology of mottled 
enamel has been well described, but the manner in which fluorine causes 
these changes is still controversial. Fluorine is usually absorbed from 
the gastro-intestinal tract, very uncommonly from the lungs.^® Sur- 
prisingly little is known of the form in which it is absorbed, circulated, 
stored, or excreted. As a general principle, fluorine is rather efficiently 
absorbed and but slowly excreted. Furthermore, it would seem that 
fluorine in low concentrations may have a stimulating effect, and in 
high concentrations be inhibitive to normal function of the invaded 
tissue. The concentrations giving rise to these paradoxical effects like- 
v*ise vary with different animals, and for different tissues of the same 
animal. Some evidence has been presented to show that administra- 
lon of relatively large amounts of fluoride causes a negative calcium 
balance,®'^-'!^ inhibits certain enzyme systems,®^ affects the parathyroid 
glartds,i®-« and exhibits a special relation to vitamin C metabolism.^i'42.44 
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Evidences of abnormal calcium-phosphorus metabolism and the other 
effects mentioned, have been demonstrated, liowever, only at intake 
levels much higher than is necessary to cause mottled enamel. 

Most theories proposed in explanation of the mode of action of fluorine 
have been based on the assumption that fluorine in some way causes its 
adverse effects by direct toxic action on the enamel, forming tissue. A 
close correlation exists, however, between the fluorine content of enamel 
and the severity of mottling,2-’“-3* regardless of the particular tooth, or 
the animal under consideration. AlSiough all of the manifestations of 
fluorine storage and fluorine intoxication cannot be e.xplained on a pure 
physico-chemical basis, there is a striking similaritj' between the beliav- 
ior of fluorine in nature and its behavior in animals. In nature it is 
commonly found in combination with calcium (fluorspar), and with 
tricalcium phospliate (natural rock phosphate). Neither compound is 
very soluble in water, but natural rock phosphate is much less so than 
calcium fluoride. Several groups of workers' have demonstrated 
that calcium fluoride in water is effectively and rapidly removed— to 
a certain minimal level— by tricalcium phosphate. In fact, this com- 
pound is one of the best agents for removing fluorides from potable 
waters. Since calcium phosphate, together with calcium carbonate, 
is the essential component of enamel and of bone, it is not surprising 
that Smith and Smith^ obtained good results by using ground bone 
for the same purpose. In animals and man, the best evidence indicates^*' 
that fluorine occurs in the teeth and in the bones as a fluorapatite-like 
compound not greatly dissimilar to that found in nature as natural rock 
phosphate. There is considerable evidence, then, of a physico-chemical 
affinity between fluorine— especially calcium fluoride— and calcium 
phosphate, and that this affinity manifests itself both in nature and in 
the living organism. 

A clearer idea of the mechanism by which the condition of mottled 
enamel is established in man, can perhaps be obtained by considering 
the kinds of change possible in bone generally, when exposed to fluor- 
ides. A more or less constant metabolic process takes place in bone,^' 
with an interchange of components. Thus, sufficient amounts of the 
tricalcium phosphate component are free to act at any time, with forma- 
tion of a fluorapatite-like substance. With very small amounts of 
fluorine entering the circulation, the changes that follow can be con- 
ceived as being of such slight moment that no demonstrable lesions 
become evident, and the process is comparable to simple storage. With 
larger amounts, the substitution would be sufficient to produce excessive 
amounts of abnormal fluorine-containing bone, an increase in the size 
of the bone and a pathologic condition called by Roholm’’’ osteosclerosis. 
At very high levels of fluorine absorption,'*'' as in gaddur, there is a toxic 
inhibitory effect on bone itself, associated with manifest generalized 
toxic symptoms. Presumably low grade metabolic changes in the bony 
substance would continue even when appreciable amounts of fluorapa- 
tite were present. If exposure to fluorides ceased, or continued onlj’ 
in slight degree, normal rather than fluorine-containing bone would tend 
to be reformed. This is consistent with observed recession of abnormal 
bony changes when ex-posure to fluorides ended. 

The enamel of teeth, however, is not subject to this constant meta- 
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bolic interchange of chemical constituents. Calcium phosphate and 
other elements which go to make up the enamel are ^ 
with such unusual substances as fluorine, only when, the 
being formed. Thereafter, enamel behaves like a dead tissue, whether 

it is normal or abnormal. , - , . t i 4 . 

It does not seem physiologically sound furthermore, to postulate 

that larger dosage is required to injure a rapidly growing tissue, than 
one growing slowly-the explanation commonly given for the larger 
amounts of fluorine needed to produce the disease in the rat compared 
with man. Explanation of the phenomenon would seem to rest equally 
well on a purely physical basis. With more newly formed enamel in a 
given time, more fluorine would be required to produce an equal effect. 
This is offered as a more reasonable explanation than the theoretically 


enhanced toxic action on young growing tissues. 

Sources of Fluorine in Nature. Fluorine has been estimated®^ as 
thirteenth in order of importance among the elements composing the 
earth’s crust, thus placing it ahead of any of the other halogens and far 
ahead of such toxic elements as lead, arsenic and mercury. As industry 
has advanced, the use of fluorine compounds has progressively increased. 
Industrial development in turn was one of the important factors leading 
to an increased urban population, the greater need for community water 
supplies, and consequently the greater use of deep-well waters. In the 
United States the development of the rvest resulted in a shift of popula- 
tion to regions now known to be fluoride areas. In all of these ways, 
the potential exposure to fluorine compounds increased. 

The recognized importance of fluoride bearing waters in chronic 
endemic dental fluorosis, and the relative ease with which the element 
can be determined in water, are the principal reasons for the major 
attention this source of fluorine has received. The widespread distribu- 
tion of compounds of fluorine in nature requires consideration of other 
sources— in food, in association with industry, from medicinal sub- 
stances, and in some localities, contact with volcanic dusts. 

A number of reasons exist why more attention has not been given to 
these other potential sources of fluorine. The causal relationship to 
mottled enamel was only established in 1931. The possibility of other 
health aspects has been recognized still more recently. Accurate quan- 
titative methods had to be perfected for examining the diverse materials 
concerned. That primary attention was :given to endemic areas where 
whole populations were affected, is also understandable. The situation 


IS m many ways comparable to the evolution of our- attitude toward 
fever. To date we have been attracted by epidemics, as was 
Budd m his early studies of that disease. As epidemics become less 
frequent, attention must shift to sporadic cases, to mild and low grade 
attections and perhaps even to the prototype of subclinical infection 
in typhoid. This will require better understanding of the effects from 
low concentrations of fluoride in water, less than tliat required for 
manifest endemic prevalence. When clmonic fluorosis of water-borne 
origin IS eliminated, a residual incidence may well remain as it has in 
typhoid; and again as in typhoid, attributable to sources distinct from 
those concerned with dramatic outbreaks. 

hronic endemic dental fluorosis is associated with water supplies 
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which contain 1 part per million or more of fluorides.'^’^^*' The content 
of fluorine in a given water supply is influenced by geological condi- 
tions. Judgment should accordingly be based on the average of a 
number of examinations over a period of months. Supplies containing 
1 to 4 parts per million are frequent in certain areas and some with as 
much as 20 parts per million liave been reported in the United States.-^'" 
Mottled enamel can occur, however, when tlie water supply contains 
less than 1 part per million, although usually less than 10% of children 
in the community are aft’ectcd and these in mild degree. 'Deep well and 
artesian waters more commonly contain fluorides in amounts dangerous 
to health than do surface waters, althougli much depends on the geologi- 
cal formation of the particular region.''® 

Few foods are wholly free from fluorine. The fluorine associated with 
plant products may be a constituent of the food itself, be admi.xed, or 
deposited on the food. That within the plant itself can be derived from 
the soil, the fertilizer used, or the irrigation water. External contamina- 
tion comes from dusts and sprays. The great variation in conditions 
under which food is produced, as well as the varying capacity of plants 
to take up fluorine from the soil, suggests essential differences in the 
fluoride content of plant foods. A monograph by McClure,®® just 
recently available, summarizes a series of studies on tlie fluorine content 
of foods. Values for plant foods are expressed on the basis of dry sub- 
stance; animal, fish and other substances on the basis of the food as 
consumed. Beans, wheat, oats, rye and corn commonly contain 1 to 3 
parts per million. 'Wheat in a certain fluorite area contained 226 parts 
per million. Green vegetables such as beans, broccoli, celery, cabbage, 
lettuce and spinach, and such fruits as apples, may have liigher amounts 
of fluorine than the seeds, especially if the plants are sprayed. Roots 
and tubers, such as turnips, carrots, potatoes and peanuts, usually have 
less than 1 part per million. 

Meat products usually contain much less fluorine than might be 
expected ; on the basis of the fluorine content of water and plants con- 
sumed by the animals from wliich they are derived. The selective 
storage in bone spares those parts most frequently used as food. Nearly 
all salt water fish contains appreciable amounts, varying from 1.5 parts 
per million in o\"sters to as high as 12.5 parts per million in canned 
salmon. Fresh water fish contains no more fluorine than meat. 

E.xposure to dusts containing large amounts of fluorides is an impor- 
tant factor in certain parts of Africa,®* but not in the United States. 
Sources of exposure in industry have little relation to mottled enamel, 
because of the peculiar conditions that essentially restrict development 
of the disease to childhood. No case of mottled enamel has been attrib- 
uted to medicines or disinfecting agents, probabl 3 ' because the.y are 
used for relatively short periods. Nursing mothers exposed to fluorine 
in industrj'^^ have apparentlj' transmitted the condition to their infants. 

Not much is knovm of the epidemiologic significance of sources other 
than water. As independent factors in causing classical mottled enamel, 
they probablj" are not important. Thej" maj" well supplement the 
fluorides derived from water, where the level is borderline, to such an 
extent as to be the determining factor. The place of fluoride containing 
foods will be better appreciated as more is learned about what follows 
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lone continued ingestion of minimal and subtoxic amounts of fluorine. 
Probably a good deal depends on individual variations in intake and in 
food habits. Given comparable conditions of dosage and time, experi- 
mental evidence would indicate that foods containing fluoride are as 
active^^ in producing mottled enamel, as are waters. _ » j 

Prevalence. An extensive study of the distribution or mottled 
enamel in the United States was made by Deani^“ in 1933. From the 
literature, by questionnaires to dental societies and individual dentists, 

.■ and by field studies, he found 97 areas where mottled enamel was de- 
' finitely a problem, 98 in which it probably existed and 5 others for which 
data were incomplete. Later information'® indicated about 375 known 
affected localities distributed through 26 states. ^ The general area most 
affected in this country is the Southwest, including the states of Texas, 
New Mexico, and Arizona.®® The largest concentration of affected 
communities is in the panhandle-west Texas region.'’' A second general 
region is south of the Great Lakes, from Ohio®® to the Dakotas.'® These 
three states, on the basis of present information,^® have_ more affected 
communities than intervening jurisdictions such as Wisconsin,^^ and 
Illinois,®® but the condition is well recognized in all of the area. The 
disease is known to occur in several of the Rocky Mountain and Pacific 
Coast states, and a limited focus has been determined in Virginia and 
the Carolinas. Of the usual groupings of states, all have been concerned 
except the New England and Middle Atlantic regions. The actual dis- 
tribution by states and the relative frequency of the condition can only 
be approximated, because some state health departments have done 
little or no suri’-ey work. 

Mottled enamel is by no means a problem confined to this country. 
Its world distribution is substantiated by recent reports from Canada,®^ 
China,®® Japan,®® and India''® among others. The general world preval- 
ence as determined by Dean,''''® McKay,®®'’ and Roholm,^’' shows that 
mottled enamel in the Americas occurs not only in the United States 
and in Canada, but also in Mexico, Argentina, Barbados and the 
Bahama Islands. The disease has been infrequently identified in 
Europe but is knoivn to be present in Italy, Spain, England and prob- 
ably Holland. In Africa the condition is widespread in Algeria, Tunisia 
and Morocco where there are large phosphorite deposits. It is also 
known in the Sinai peninsula and in certain parts of South Africa, as 
well as in the Azores and the Cape Verde Islands. In Asia the affection 
has been reported from several places in North China and Japan. 
Australia is the only continent where mottled enamel has not been 
found. As the clinical nature and epidemiologic relations of mottled 
enaniel become better appreciated, present information will likely be 
found to represent but a fractional part of the actual distribution. 

A naturally acquired disease of domestic animals, analogous to 
mottled enamel m man, was first reported by Velu®'“ in his studies .of 
darvious m North Africa. Dean"'^ found a somewhat similar condition 
among dairy cattle in Horry County, So. Carolina. Because of these 
obsen^ations, the experiments of Phillips, Hart, and Bohstedt«“ have 

cows were fed fluorides in sufficient 
in fLp ^ni- symptoms, there was very slight excretion 

'. Furthermore, storage of fluorine in muscle is slight.®® 
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The cow would seem to be of little importance as an intermediate source 
of fluorine, either through milk or meat. 

Age Incidence, Susceptibility to mottled enamel is limited to a 
sharply defined age group. The reason is that fluorine can be deposited 
in enamel only during the time that the crowns of the permanent teeth 
are calcifying. This period is from infancy, when the central incisors 
may be affected, until 16 j’^ears of age when calcification of the crowns 
of the last teeth, the third molars, has been completed.*® A further 
characteristic of the disease is the long lag between the time when the 
actual damage is done and the time that it becomes objectively appar- 
ent, corresponding to the interval between completion of calcification 
and actual eruption of the tooth. Because the various teeth calcify 
at different periods, intermittent or interrupted deposition of fluoride 
affects only certain teeth. Dean cites illustrative experiences where 
older high school children were observed with all teeth normal except 
the third molars, these being persons who had taken up residence in 
the endemic area when 8 to 10 years of age. By contrast, high school 
students in other localities have had all permanent teeth severely affected 
except the third molars, which corresponded with the time a change was 
made to a satisfactory water supply. Such examples are unusually 
significant in determining the part of water supply in production of the 
disease, for the element of individual susceptibility is eliminated. The 
frequency of the disease bears no relation to color or sex^'*'' nor are 
weather and latitude of moment. 

Mottling of the enamel of temporary teeth is very uncommon. This 
is e.xpliiined by the fact that for these teeth enamel formation is prac- 
tically completed by the time of birth, and that the placenta has a pro- 
tective influence.®^ The principal food of the infant, milk, contains 
onlj' slight amounts of fluorine."*®® Furthermore, the rate of develop- 
ment of the deciduous teeth is faster than that of tlie permanent teeth,"*® 
and it is known that the faster a tooth develops the higher is tlie con- 
centration of fluorine necessary to cause mottled enamel. Under special 
conditions these protective factors may not be sufficient to prevent 
mottling.®**'®®'®®® 

Mottled enamel cannot develop in persons e.xposed after the sixteenth 
year of life. However, the dentin may be adversely affected, resulting 
in general weakening of the tootli structure.®® The impression e.x- 
ists,*"*'*'*® unsupported by satisfactory evidence, that adults exposed 
to relatively large amounts of fluoride have an increased incidence of 
gingivitis. Teeth of adults unaffected by mottled enamel have been 
repeatedly shoum to contain fluorine. Roholm*® also believes that 
adult teeth subjected to fluorine have an increased growth of both 
cement and dentin, and a consequent narrowing of the pulp cavity. 
Other possible effects of clironic fluorosis in adults, such as changes in 
bone and action on the thyroid, have already been mentioned. 

Methods for Field Surveys. Mottled enamel has been sho^^m to be 
of sufficiently wide distribution that most individual health officers will 
want to know to what extent the problem is a matter of concern in their 
immediate jurisdictions. 

The first thing to do is to look at a map. _ The geographic areas 
involved have been fairlj'' well defined. Chemical examination of the 
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community water supply will demonstrate whether or not fluorides are 
present in suflicient amounts to constitute a potential ha^zard. On the 
basis of that information a few hours spent with dentists of the commun- 
ity will soon determine whether dental conditions corresponding to 
mottled enamel are occurring in the permanent teeth of children, and 
how long that situation has existed. This information will determine 
the need for a field survey. An adequate sample of school children is 
selected, of ages ranging from 6 to 16 years. Individual histones are 
obtained in respect to principal and secondary water supplies that have 
been used — how constantly and for how long. The information is con- 
firmed by interviews with the parents. The most important part of 
the survey is a satisfactory dental examination by a practitioner familiar 
with the disease. The results of individual examinations are interpreted 
according to the scheme proposed by Dean, Dixon, and Cohen,^^ from 
which is determined the mottled enamel index. This is an arbitrary 
measure of the extent and severity of mottled enamel in a community. 
If less than 10 % of the sample of children examined show mottled 
enamel, the index is considered negative. A negative index is some- 
times mistakenly interpreted as meaning that the community is free 
from mottled enamel. This is not necessarily true. It simply means 
tliat the condition is not prevalent in endemic proportions. The 6 posi- 
tive gradations expressed by the index, ranging from borderline to very 
marked, are based on a combination of numbers of persons affected — 
always more than 10 %— and the general severity of the disease. The 
determination of any 1 of these 6 situations shows the need for active 
preventive measures. 

Control of Mottled Enamel. Prevention is the only method of 
control, since very little can be accomplished by treatment of the dis- 
ease once it has developed. In the light of much experience, McKay®®'^ 
states that cavity margins can only be established with difficulty 
because of the chalky texture of the teeth. Stains near the surface may 
be remedied by grinding off the surface of the tooth, down to normal 
enamel. A porcelain jacket crown is frequently applied for cosmetic 
reasons. Wlien mottled enamel occurs with the average level of severity 
that has been noted in Arizona,®® the cost of adequate dental care to the 
individual up to adulthood is about a thousand dollars, at which time 
the natural teeth must frequently be replaced with artificial dentures. 

Considering the disfiguring effect of mottled enamel, that it is not 
subject to improvement by natural process or medical treatment, that 
every child born and reared in an endemic area is almost certain to 
have the condition in some degree, it is evident tliat cln-onic endemic 
dental fluorosis is a problem worthy of serious attention. As with most 
situations in preventive medicine, there is no single ideal program for 
control, practicable under all circumstances. 

+ obvious thing to do is to get a water supply having a con- 

sourci ofr^-' Depending on local conditions, 

Atw^n siven consideration, 

^n be helpful ^ environment 

thTi? supply, the most economical procedure in 

the long run, is to provide a new source of supply. The convincing 
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results obtained by Oakley, Idaho, Bauxite, Arkansas, and Andover, 
So._ Dakota, are sufficient to prove that this measure is completely 
satisfactory.^ If the existing supply contains unusually large amounts 
of fluoride, it is about the only thing to do, liccause of the difficulties 
and cost of purification. The choice of the new supply depends upon 
local geologic conditions. In Illinois, for example, surface waters are 
almost always low in fluorides, and can be readily substituted for sup- 
plies drawn from deep wells. Occasionally a rather sharply defined 
offending geologic stratum can be avoided^ by staying above it or by 
going deeper and casing it off. 

Providing the fluoride content of the existing supply is not excessive, 
an alternative procedure is to dilute the water with that from a second 
source essentially free from fluorides, thereby bringing the final content 
of fluorine below 1 part per million. The method is to be considered, 
when available surface supplies are alone insufficient to meet the require- 
ments of the community. Such supplementary supplies can be obtained 
from shallow wells, small lakes, gravel packed wells in creek bottoms, 
or similar sources. 

In a considerable number of small areas, and in at least one large 
region of the United States, the panhandle of Texas, there are few 
adequate fluoride-free sources of supply. The water must then be 
treated. This is usually an expensive procedure if all the water used 
in the community is processed. Treatment can be limited to that used 
for cooking and drinking, but with the objections that always attend 
dual water supplies. Of the many processes proposed,'*® tlie lime 
method®® appears to be the most economical when it can be used. 
Treatment with tricalcium phosphate® is rapid, cheap and effective, 
but has not yet had sufficient field tests to fully establish its usefulness. 
Mechanical agitation of water with an added chemical such as magne- 
sium oxide, ^■’® and subsequent settling, has the disadvantage of being a 
slow process and requiring more attention than do filtration methods. 

Food is the other principal consideration; just how important, re- 
mains to be determined. That some foods demand more attention than 
others has been demonstrated. The prohibition of fluoride sprays for 
vegetables and fruits is a means of protection. Fluoride compounds 
should not be used as a preservative of foods. The use of steam pressure 
cookers as a substitute for the boiling of vegetables is not known to have 
been previously suggested, but appears wholly logical in regions where 
fluoride bearing waters are common. By tins method vegetables are 
cooked in a suspended container, and concentration of fluorides in the 
prepared food is avoided. 

A well balanced diet will not prevent mottled enamel.®® Avoiding a 
deficiency of vitamins C and D and of calcium is to be recommended, 
if for no other reason than to prevent the independent damage such 
deficiencies may cause in teeth. More milk and less water in the diets 
of children serves to decrease total intake of the element. In certain 
parts of Africa and South America protection must be afforded against 
dusts containing fluorides, a hazard not present in other countries. 

Summary. Mottled enamel is a hypoplastic dental abnormality, 
caused by ingestion of fluoride compounds at any age between infancy 
and 16 years. The number of teetii involved depends upon the time 
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and duration of the exposure. The severity of mottling depends upon 
the amount of fluorine taken into the body during the period of calcifi- 
cation of the enamel. The disease primarily affects the permanent 
and not the deciduous teeth. Once developed, the condition is per 
manent. Water supplies are the principal source of the causative agent, 
but others, such as foods, must be considered All of the things that 
give rise to mottled enamel enter into the life of people of all ages. 
Therefore, a program for control must be conceived on a community 
basis. 

James W. Hawkins, JVE.D., and John E. Gordon, M.D. 
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The Study of Keproduction in Eats on Purified Diets. Claire 
Foster, Doris Russell and J. H. Jones (Departments of Pedia- 
trics and Physiological Chemistry, University of Pennsylvania, and 
the Children’s Hospital of Philadelphia.) 


A Study of Isolated Muscle Fibers From a Protoplasmic Standpoint. 
L. V. Heilbrunn (Department of Zoology, University of Pennsylvania). 
The protoplasm of muscle cells resembles the protoplasm of various 
other types of cells in being peculiarly sensitive to the calcium ion. 
If an isolated frog muscle fiber is immersed in isotonic calcium chloride 
solution, the ends immediately become plugged. This is a reaction 
presumably identical with the surface precipitation reaction as studied 
in marine egg cells and in protozoa. As the calcium entering the ends 
of the fiber comes into contact with more and more of the protoplasm, 
the fiber becomes transformed into plug material and shortens until it 
is only about one-fourth of its original length. 

When isolated muscle cells are placed in solutions which tend to rob 
them of calcium ion, they become insensitive to electric condenser 
discharges. Their irritability is regained on return to solutions contain- 
ing calcium. 

These facts are interpreted in terms of the calcium release theory of 
stimulation, 

The Influence of Cutaneous Atmospheric Oxygen Absorption Upon 
the Apparent Total Oxygen Utilization of the Body. Alfred H. Cham- 
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BEKS and Samuel Goldschmidt (Laboratory of Physiology, University 
of Pennsylvania). Respiratory oxygen exchange was determined by the 
Tissot method on subjects enclosed up to the neck in a metal bo^x. T 
gaseous atmosphere surrounding the body could be chanpd at w . 

Two of four subjects increased their oxygen consumption from the 
inspired atmospheric air up to 10%, or more, when moist niLogen 
replaced the room air surrounding the body._ In the other two subjects 
the rise, under similar experimental conditions, was either entirely 
absent, upon occasion, or, at other times, increased to a slight 

The results can be explained on the assumption that the oxygen for 
cutaneous metabolism is partially, at least, derived from the surround- 
ing air. When deprived of the atmospheric source, an increased util- 
ization from the blood is demonstrable. The oxygen which penetrates 
the skin may be used entirely by the cutaneous cells or, when its tension 
is high, it may gain entrance into the blood of the skin; at other times 
it is possible that, because of a higher tension of oxygen in cutaneous 
blood due to increased skin circulation, little is utilized from the atmos- 
phere. 


The Role of the Hypothalamus in Cardiovascular Regulation, R. F. 
Pitts, M. G. Lareabee, D. W. Beonk, and F. H. Lewy (Eldridge 
Reeves Johnson Foundation, University of Pennsylvania). In order 
to evaluate the rdle of the hypothalamus in cardiovascular regulation, 
we have compared the character of the spontaneous activity in periph- 
eral sympathetic nerves, as well as its reflex modification, before and 
after extirpation of the hypothalamus. In addition, we have studied 
the activity induced in these nerves by stimulation of the hypothalamus. 
In these latter experiments stimulating electrodes were oriented in the 
supra-optic and tuberal portions of the hypothalamus by means of the 
Horsley-Clark stereotaxic instrument, and brief repetitive condenser 
discharges delivered at controlled intensities and frequencies. 

The characteristic grouping of spontaneous activity in the various 
fibers of the sympathetic nerve trunks and their reflex inhibition and 
excitation were in no wise altered by extirpation of the hypothalamus. 

Stimulation of the hypothalamus at frequencies above 10 per second 
produced an increase in sympathetic activity in the inferior cardiac 
and cervical sympathetic nerves, and after a brief latency a rise in blood 
pressure. Frequencies from 1 to 10 per second often produced an inhi- 
bition of sympathetic activity and a fall in blood pressure. Records 
from few fiber preparations indicated that the individual units dis- 
charged more frequently and that more units were brought into activity 
as either stimulus frequency or intensity were increased. • 

It has been possible to record from single fibers of the cervical sym- 
pathetic activated from the hypothalamus. Frequency of discharge was 
greatest at the beginning of stimulation, but after a period of a second 
or so, a steady state was attained and the unit discharged rhythmically, 
the frequency of discharge being directly related to the intensity and 
Irequency of hypothalamic stimulation. 
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TJiere is, following stimulation of the hypotlialainus, an abrupt inhi- 
bition of all spontaneous sympathetic activity and a reduced excita- 
bility of the lower sympathetic centers to either reflex excitation from 
afferent nerves or to hypothalamic stimulation. 

These experiments show how the chemical and reflex control of sym- 
pathetic centers are modified by varying degrees of hypothalamic 
activity. 
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LIFE EXPECTANCY AND MORTALITY FROM SKIN AND LIP 

CANCER.* 


By Sigismund Peller, M.D., 

FELLOW IN BIOf.OGY, SCHOOL OF HYGIENE AND FUBLIC HEALTH, THE JOHNS HOPKINS 

UNIVERSITY, BALTIMORE, MD. 


Sometimes a cured skin cancer patient develops another cancer 
to which he succumbs. Is the risk of such a discouraging meta- 
chronous combination of a surface and an internal cancer great? 

According to Dublin and Lotka,i cancer shortens the life of the 
average person at 42 years by 5.2%, at 52 years by 6.2%, and at 62 
by 6.8%. The shortening of life for the cancer victims themselves, 
is, of course, greater. The life shortening effect of cancer depends 
upon the site and the cellular type of the malignancy. Most of the 
surface cancers are relatively benign. However, as some of these 
patients die of the disease, this disease is bound to shorten the life 
even if it is not, or only very seldom, followed by an internal cancer. 

In order to estimate the life shortening role of the skin and lip 
cancer one can depend less on the causes than on the frequency of 
death and on the<time elapsed since the onset of the illness. 

In this paper such an attempt has been made. I have studied 
715 cases, from the histories of the lip and cheek epithelioma patients 
at the Kelly Hospital between 1921 and 1931 and the eyelid cases 
for the years 1921 to Februarj’^, 1929. All cases were included, 
whether treated or not. Where the time of onset of the cancer was 
unknown, the age at the first entrance to the hospital was taken as 
onset. If a lesion had been persistent for a long time without signs 
of progress, the dates of previous surgical or Roentgen ray treat- 
ments were regarded as onset. In the case of metachronous epithe- 
liomas, the first epithelioma was chosen as significant. 


* This work was done white the author was a guest investigator in the Department 
of Biologj- of the School.of Hygiene and Public Health of The Johns Hopkins Uni- 
the records of the Kelly Hospital, Baltimore. For the results or 
conclusions reported the author is solely and entirely responsible. 
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Age Distribution. The average age of 695 patients with given age 
data at the onset of the disease was 5S.6=fc 0.3 years. This is 11.1 
years less than the average age at death from skin and lip cancer, 
as reported in the official statistics of the United States (69.7 years). 
In our material, the ratio of lip cancer (307 out of 715 cases) is much 
higher than in the official mortality statistics. The lip cancer 
patients were at the onset (2.5 years) as well as at the time of dea^ 
(1.5 years) younger than the skin cancer cases. The real difference 
between the onset of the surface cancer and the death is, therefore, 
a little smaller than 11.1 years. 

According to hospital records, patients suffering from internal 
or breast cancer are also much younger than one would expect on 
the basis of the mortality statistics. Tlie reason for this is the 
selection of cases which undergo surgical treatment. However, 
such a selectional factor is not immlved in the case of surface cancers 
admitted to a hospital known for its non~surgical methods. • 

Table 1.— Age Distribution or Face and Lip Cancer Patients of Both Sexes. 

U. S. ReRi'tration Arc.i, 

Kelly Hospital. HnUimorc. 1930-lori. 


.Arc at death from 

Arc at: cancer of: 


Age. 

On.'ict of disease. 

Dc.atli. 

' Skin. 

Lip. 


.Absolute 

Percentage 

Absolute 

PerccntaRc 

PcrcenInRe. 

Percent.'! Rc 


frequency. 

frequency. 

frequency. 

frequency. 

frequency. 

frequency. 

29 

... 9 

1.3 



1.8 

0.6 

30-39 

... 51 

7.4 

i 

o.’c 

2.3 

2.4 

40-19 

. . . 105 

15.1 

6 

3.C 

5.5 

6.0 

50-59 

. . . ISO 

25.9 • 

20 

15.5 

11.3 

14.1 

60-09 

... 192 

27.0 

41 

24.4 

19.3 

24.8 

70-79 

... 130 

IS. 7 

58* 

34.5 

30.5 

31.2 

80+ 

. . . 2S 

4.0 

30* 

21.4 

28.9 

20.2 

7 

... 20 


1 





715 

100.0 

loot 

100.0 

100.0 

100.0 


* IncludiiiR 1 death after closed period of observation, 
t Including 2 deaths after closed period of ob.scrvation. 


Generally, it is believed that persons sufterinj| from skin or lip 
cancer are older than other cancer patients. This'holds true for the 
age at death. Considering, however, that on the average the dura- 
tion of surface cancer is much longer than that of an internal malig- 
nant tumor, one has to realize that at the onset of the illness there 
is praetically no difference in age between sufferers from a skin or 
lip cancer and the total of all other carriers of a malignancy. _ 
Mortality. During the first 5 years after the onset of the-illness, 
there occurred 78 deaths; in tlie second quinquennium, 53 deaths; in 
the third, 29; and still later, 9 deaths. In order to evaluate these 
figures, they were related with the total number of years of the re- 
spective age group. Patients change in due time the age group to 
which they belong. Therefore, person-years instead^ of cases were 
counted and each one of the years which elapsed since the onset 
of the illness was placed in the respective age group. 
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Altogether the material collected covers 4860 person-years; 2603 
of them belong to the first quinquennium after the onset of the epi- 
thelioma; 1462 to the second; and finally 795 person-years where 
the onset of the illness was at least 10 years earlier. The percentage 
of deaths rises with the number of years passed since the appearance 
of the tumor. In the first quinquennium, 3 deaths; in the second, 
3.7; and in the further 5-year periods 4.9 deaths correspond with 
100 person-years. By eliminating the _ different age distribution 
the differences in the death rates diminish, the standardized rates 
being 3.0, 3.3, and 3.8 respectively. The basis for these calculations 
is the age at the onset of the disease. In 295 of the 695 patients the 
onset was considerably beyond the time of the first attendance. 
Therefore, only 400 patients are an unselected unit. Among the 
295 patients, however, there were some with a definite turn to the 
unfavorable course of the disease or even in a hopeless condition 
before their very first visit to the Kelly Hospital. The real death 
rates of an unselected material should therefore be lower, than in- 
dicated in our figures. On the other side, the 295 patients were at 
their first attendance at the Kelly Hospital survivors of other contin- 
gents of patients, with whom they shared an average of 3.2 years. 
Probably, during these 3.2 years of the cohort to which they belonged 
formerly a number of patients died. Applying the general mortality 
rates to these 295 patients one may assume that they should be com- 
plemented by 31 deaths, 24 of which should have occurred during the 
first quinquennium of the disease. Thus the standardized death 
rate of the first 5-year-period will increase to 3.9, of the second to 
3.5 and of the later periods to 4.2%. 

The number of actual deaths differs from that expected according 
to the U. S. Life Tables which were used in this paper as a basis for 
all calculations. 


Table 2. Death Rates per 100 Person— Years in First and All Succeeding 
5-year-periods After Onset of Disease, Kelly Hospital. 

Persons With Face and/or Lip Cancer. 


Age at 
time of 
observa- 
tion. 

39 . 
40-49 . 
50-54 . 
55-59 . 
60-64 . 
65-69 . 
70-74 . 
75-79 . 
80— , 


First quinquennium. 


Person- 

years. 

Deaths. 

Death- 

rate. 

174 

1 

0.6 

409 

, 3 

0.7 

304 

5 

1.7 

377 

10 

2.7 

371 

8 

2.2 

360 

13 

3.0 

286 

12 

4.2 

169 

10 

5.9 

122 

15 

12.3 

31 

1 

3.2 


All following quinquennia. 


Person- 

years. 

Deaths. 

Death- 

rate. 

43 

268 

3 

I’.l 

240 

G 

2.5 

279 

5 

1.8 

362 

9 

2.5 

353 

11 

3.1 

323 

17 

5 2 

225 

19t 

8.4 

134 

21 t 

15.7 

28 



Death- 

U. S. Life 
Table, 

rate 

1929-1931; 

for all 

death-rate. 

years. 

lOOqx.* 

0.46 

0.43 

0.89 

0.81 

2.10 

1.30 

2.30 

1.90 

2.30 

2.75 

3.40 

4.10 

4.80 

6.25 

7.40 

9.40 

14.00 

16.00 

1.70 



^ 3.0 2257 91% 4.1 350 390 

namelj' between the ages^x ai^d persons, at the age x, of dying within 1 year, 

t Including 1 death after closed period of observation 
t Including 2 deaths after closed period of observation. 


In the ages below 60 there 
fewer deaths than would be 


are more, and in the higher age groups 
expected from the general life-table. 
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Of all patients with given age 168 died, whereas 191.8 deaths would 
be expected (30.8 deaths before, and 158.7 after the first attendance 
at the Kelly Hospital). In the age groups below 60 years, 33 deaths 
were registered and only 26 (=7 -h 19) calculated, the respective 
figures for the higher ages being 135 and 163.5 (=23.8 + 139.7). 

Assuming, in conformity with Welch and Nathanson,= that the 
mortality of cases lost is about as that of the group which remained 
under care, I calculated mortality and survival rates for each suc- 
cessive year after the onset of the disease. From the fourth year on, 
patients at the age of 21 to 59 have lower survival rates than the 
average (curve *4), whereas persons with onset of the epithelioma 
at the age above 59, after 7 years of the illness have passed, show • 
higher survival rates than the general population (curve B). 



Graph 1. —Curve of SoRvn’OKS of 726 Patients SorrERiKo From Skin 

OK Lip Epithelioma. 

Expectation of Life. If the 695 skin and lip cancer patients were 
a random sample of the general population, then they should e^ect 
to live, according to their age distribution at the onset of their 
illness, another 1 1 ,626 years. (By using life tables for the Maryland 
population, the life exT^ectation would have been smaller than here.) 
That makes an average of 16.7 years per person. ()f the 11,626 
years only 4800, i. e., 40% were covered by observation, counting 
the time from the onset of the illness up to the death (one group), or 
up to the time of our investigation (second group), or up to the date 
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of disappearance (third group of patients), respectively. The 
younger the patients, the smaller the part of the life expectation 
which could be tested by observation. 


Table 3. — Expectation of Life at Onset of the Face and Lip Epithelioma 
AND THE Number op Years Tested Since Then. (Kelly Hospital.) 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Age at 
onset. 

Expected years 
* 

No. of e 

patients. 


Patients who 



All. 

Years 
which 
remain 
to be 
covered. 

Died. 


Did not die. 


Lived since onset. 




Total. 

Av. 

' No. 

Yrs. 

Av. 

No. 

Yrs. 

Av! 

Yrs. 


21-39 . 

. 60 

2045 

34.1 

6 

50 

8.3 

54 

442 

8.1 

492 

1553 

40-i9 . 

. 105 

2690 

25.6 

16 

142 

8.8 

89 

843 

9.5 

985 

1705 

50-59 . 

. 180 

3353 

18.7 

31 

189 

6.4 

149 

1206 

8.1 

1404 

1949 

60-69 . 

. 192 

2400 

12.5 

58 

396 

6.8 

134 

837 

6.2 

1233 

1167 

70-74 . 

77 

677 

8.8 

24t 

120 

5.0 

53 

243 

4.6 

363 

314 

75-]- 

. 81 

462 

5.7 

33t 

157 

4.8 

48 

166 

3.5 

323 

139 

* - 

695 

11,626 

16.7 

168 

1063 

6.3 

527 

3737 

7.1 

4800 

6825 


is the symbol for the expectation of life at the age x, called also mean after-life-time at 


that age. Calculation made on basis of U. S. Life Table, 1029-1931. 
t Including 1 who died a few months after closed period of observation. 


In order to fulfill the normal life expectancy of the 695 patients 
the 527 persons still living at the end of the observation period 
(Column 8, Table 3) would have to live another 6825 years (Column 
12) . A random sample of 527 individuals of the given age distribu- 
tion has a life expectancy of 7135 years. However, among these 527 
cases there were 14 with recurrent epithelioma (according to the age: 
3-f-l+5+3-{-l-t-l) and 46 with uncured glandular metastases or 
already m a hopeless condition or persons with a primary cancer of 
an internal organ (8+7+7+124-9-f 3). For the sake of argument 
1 abandoned entirely these 60 cases, counting them all a fond verdti 
as if they all had died on the first day after the end of the observa- 
tion penod. At this day the normal of the 60 cases would have 

an of 

/ido 1043 - 6092 years. Considering that 6825 years had fn bp 
coveted, a deficit of 734 years remains. That is about 6% of the 
total number of years the 695 patients (Table 3, Column 2) had had 

to live at the onset of the disease. ^^^^l.naanaa 

Depending on the age, the deficit is larger or smaller Of thp 
an epithelioma at the age S to 49 yea^ 

f ptiom still “d “the; 

&r7 32^ sSltSt 

tween Irand « y*rs otavf S T*** te- 

592 X 100 ^ ^ probably have a final deficit of 

— 473 ^ = 12.5% of their life expectancy as indicated in Column 
3 of the last table. The higher the age at which the epithelioma 
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first appeared, the lower this final deficit. Cases with onset of the 
disease at 50 to 59 probably will fall short only 4.0% of the normal 
life expectancy, and in those of the age group 60 to 69 the final 
deficit will apparently not exceed 3.2%. Patients who developed 
their first epithelioma at an age above 70 seem to live at least as long 
and probably longer than the average of persons of the same age. 
Excluding from the 101 persons still alive (Column 8, ages above 70) 
those with a recurrent epithelioma or with metastatic affections and 
with an internal cancer, we got 73 persons free of symptoms and 15 
still uncured but without any complications. The further life 
expectancy of these 88 persons was 438 + 92 = 530, whereas only 

453 years (Column 12) had to be covered. It is a surplus of 

= 6.8%. 

Life Expectancy of Cases Which Were at Least 6 Months Under 
Observation. A considerable number of the patients recorded in the 
former tables were only for a very short time under observation. 
The endeavors of the Kelly Hospital to follow them up were fruitless. 
By omitting all who were lost after less than half a year, except' 
those who died during this time, the total number of cases (of known 
age) shrinks to 547. On the average the fatal cases lived 6.3 years, 
and the non-fatal cases 9.3 years from the onset of the disease 
(Columns 5 and 8, Table 4). Of the total life e.xpectancy (Column 
3) 4577 years, i. e., 48.6% are covered by observation. This per- 
centage depends on the age of the patient, rising from 36 in the 
youngest age group to 75% in the age group above 70 years. 

Excluding from all further calculations 39 persons suft'ering from 
a recurrent* or metastatic epithelioma or from an internal malig- 
nancy,! there remain 340 persons (317 free of symptoms, and 23 
still ill) with a further life expectancy (according to the U. S. Life 
Tables) of 4324 years, while 490 more would be necessary in order 
to cover the total S of the 547 cases at the onset. The. final deficit 


is, thus, 5.2%. 

In general. Table 4 confirms the former results. Patients suffering 
from an epithelioma at ages below 49 have a larger deficit (about 
10%) than those whose first epithelioma develops at 50 to 69 years 
of age (4 and 3% respectively); whereas patients with onset above 
70 most probably will live longer than the average population. Of 
the 57 persons still alive at the end of our observation period, 47 
were free of symptoms and 3 still ill but without any complications. 
These 50 persons had a further life expectancy of 271 -f 17 = 288 
years while only 204 years remained to be coAmred. Neglecting 
entirely the further life of the complicated cases we realize for the 
. . , , , , , 84 X 100 

entire group of patients OAmr 70 a life surplus ol probable — gjg — 


= 10.3%. One Avill, of course, remember tliat 208 of the 547 


|9.^5-}-9 + 5 = 28 cases. 


*^^ 4^2 + 2 — 11 cases. 
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patients do not show any mortality during the 731 of illness 

in the pre-Kelly Hospital period, while according to the Lite iables 
23 2 persons would have to succumb to one of the many causes oi 
death, either cancer or not. Of the 23.2 persons, 10-4 were to be 
placed in the age group above 70, and added to the 114 patients 
(Column 2, Table 4). This, however, does not turn the positive lite 
balance of the group into a negative one. 


Table 4.- 

1 . 


Age at 


-Life Balance op Patients who Either Died or Were Xt Least 
FOR SIX Months Under Care at the Kelly Hospital. 

2 3 4. 5. 6. 7. 8. 9. 10. 11. 


Patients who 


Expected Died. 


Did not die. 


All. 


Years which 
remain to be 
covered. 



cases. 

life, 




Lived since onset. 

/ 


disease. 


0 

e * 

'per- 

Years. 

Per- 




Total. 

% of 
expec- 



X.* 

sons. 

av. 

sons. 

Years. 

Av. 

Years. 


tation. 

20-49 . 

. 139 

3980 

22 

8.7 

117 

1233 

10.5 

1425 

2555 

64.1 

50-59 . 

. 148 

2772 

31 

6.4 

117 

1162 

9.9 

1360 

1412 

51.8 

60-69 . 

. 146 

1824 

58 

6.8 

88 

781 

8.9 

1181 

643 

34.9 

70+ . 

. 114 

815 

57 

4.9 

57 

334 

5.9 

611 

204 

25.0 


547 

9390 

168 

6.3 

379 

3510 

9.3 

4577 

4814 

51.4 


* See footnote to Table 3. 


The Mortality of Persons Successfully Followed Up. Up to the 
death or the time of inquiry, 427 persons of known age were traced. 
Their pre-Kelly Hospital period of illness covered an average of 1.1 
years per case.* After they attended the hospital, the 261 persons 
still alive lived 2736 years (an average of 10.5 years each), whereas 
the 168 fatal cases lived 851 years (an average of 5.1 years each). 
Taking only the time after the Kelly Hospital had been attended, 
there would be expected for the 20 to 59 year-old patients' 19.6 
deaths and for the higher age groups 138.1. There occurred, how- 
ever, 33 and 135 deaths. 


Table 5. — Face and Lip Cancer Patients Followed up Successfully. 
Mortality at the Time After the First Attendance to the 
Kelly Hospital. 


1 . 


2. 3. 4. 5. 6. 


Age. 


20-39 

40-49 

50-59 

60-69 

70-79 

80+ 


Persons at 
the age of 
attendance. 


. 30 

. 62 
. 118 
. 121 
. 74 

. 22 


Years 
observed at 
the age. 


104 

436 

898 

1132 

786 

223 


Life table, 
lOOq .* 

X 

0.43 

0.89 

1.73 

3.58 

7.51 

17.30 


* 

t 

t 


427 

See footnote to Table 2. . 

Including 1 death after closed period of observation 
Including 2 deaths after closed period of observation. 


Number of deaths. 
Expected. Actual. 


At the age of Column 1. 


0.46 

1 

3.90 

6 

15.20 

26 

40.25 

41 

59.00 

58t 

38.60 

36t 

157.60 

168t 


Life Duration of the Prospective Skin and Lip Cancer Patients. At 
any chosen age any population may be divided into a, persons 


* Living cases 1 and dead 
pre-Kelly Hospital period of 


cases 1.2 years; patients who could not be traced had 
1*7 years on the average. 


a 
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already suffering from cancer; b, persons wlio in the future will 
develop a surface cancer; c, persons who in the future will develop 
an internal malignancy; and, d, individuals who never will produce 
a cancer. Let us now consider the situation at the age of 40 for 
persons who in the future will develop a surface cancer. Have tliey 
a shorter life expectancy (S,,) than an average person at that age? 

The answer is: no. On the contrarj^ they have a higher mean after- 
life-time than the average population. Persons who later on de- 
velop a skin or lip cancer have, of course, by definition a long pre- 
cancerous period witliout any deaths. This period lasts from 40 to 
60.8 years of age (according to the material of the Kelly Hospital). 
In the general population of all who lived at 40 years, 24% die 
during these 21 years. The question to be answered is, therefore, 
whether the gain of life in the precancerous period is counterbalanced 
by the excess mortality after the onset of the surface cancer. The 
answer is again; no. Of all patients above 40 3 "ears of age, the life 
had been checked for 6.9 years on the average. During this time 
29%* of the patients died, whereas on the basis of the life table 
only 21 % is ex-pected. The excess mortality eliminated thus a great 
part of those who were “supernumerary” at the beginning of the 
cancer period. After the closed period of observation 71% of all 
patients were still alive and, on the average, 67.7 years old. The 
total normal being 29.7 j^ears, tlie persons still living would have 
2 y 100 

to live another = 2.8 years in order to fulfill the total 

mean after-life-time. During this time 12% would normally die, 
and further = 22.6% would have to die in order to coun- 

terbalance the gain of life in the precancerous period (40 to 60.8 
3 'ears of age). That is improbable. 

On account of the death-free period bj’’ definition, it may be 
argued that a comparison of the life e.xpectanc}’' of fuhire epithelioma 
patients at the age of 40 (or 50, 60, and so on) with the average 
population is methodologicalty dubious. However, no objection 
can be made to a comparison between persons who in the future 
will suffer either from a surface epithelioma or from an internal 
cancer. The death-free precancerous period is common to them 
and about of the same length. Different in this case is the duration 
of life after the onset of the disease. 

In the United States during 1935 men at ages above 40 who died 
from causes other than cancer were on the average 70.5 years old. 
The corresponding figures for men who died of cancer of skin or lip 
were 70.9, and for all men who died of an internal cancer 65.4 j^ears 
only. In spite of tlie gain in life during the precancerous period, 

* Here are also included the probable deaths calculated for the pre-Kelly Hospital 
period. 
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the victims of an internal malignancy lost 5.1 years of life, whereas 
the victims of a surface cancer continued to live after having lul- 
filled the average life expectation. As a large part of skin and hp 
cancer patients do not succumb to cancer, the real difference in the 
age at death between those who developed a skin or lip cancer and 
the other two groups of the population is greater than O-f and 5.5 
years respectively. Including women into calculation the differences 
in favor of the carriers of a surface malignancy become conspicuously 
larger, the mean age at death for all over 40 being 63.3 (internal 
cancer), 69.4 (causes other than cancer), and 71.8 years (victims of 

skin and lip cancer). ^ ... 

Discussion. Possibly the material analyzed in this paper is not a 
fair representation of the average surface cancer patients in the 
population. A representative material, such as that of the Radium 
Hemmet in Stockholm, shows more persons freed of symptoms (70% 
of all skin and 62% of all lip cancer cases; 59% in all of our surface 
cancer cases), less cancer deaths and death candidates (5%, against 
8 in our material) and it shows also a little higher percentage of non- 
cancerous deaths (17 %, against 14.5% in our study). In the mate- 
rial of the Kelly Hospital advanced and complicated cases are 
apparently more frequent, especially in the younger age groups. 
Still less favorable are the figures for lip cancer reported by Welch 
and Nathanson.^* 

According to the reports obtained, among the 715 patients of the 
Kelly Hospital there are 12 who after the epithelioma developed 
an internal primary tumor. One cannot rely upon these diagnoses. 
Some of these tumors were rather metastatic, some more likely 
synchronous. Only a small part of them died in a hospital. In 5 
of these cases death occurred at over 70 years. The youngest victim 
died at the age of 51 ; the cause of death was a cancer of the stomach 
and the patient died 2 years after the surface epithelioma appeared. 
It was, therefore, rather a case of synchronous than of metachronous 
multiplicity of tumors. In any case, as far as these data indicate, 
in our study the high mortality of patients at 20 to 59 is not due to a 
high incidence of second primary tumors in inner organs; it is rather ' 
due to a selection of complicated cases. 

Summary and Conclusions. At the onset of the disease, carriers of 
an epithelioma of skin or lip are about as old as the average of all 
other cancer patients. At the time of death cases of skin and lip 
cancer are older. ^ 

The influence upon the life expectation and mortality depends 
on the age at onset. Skin and lip cancer cases below 60 years have 
m our material an increased mortality and a shortened life expec- 
tancy, as compared with the average population at the same age, 

chusSa’" PondviUe and Huntington Hospital. Massa- 

ceircaio;r?ifs£tt^^^^ adenocarc.noma cases were considered, the basal 
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Cases with onset of the epithelioma at ages above 70 have a lower 
mortality and a higher life ex]iectancy. 

At the beginning of the "cancer age,” at 40 the total group of 
future carriers of a surface cancer have most probably a future life 
surplus, compared with tlie total population of the same age. Tins 
indicates that the primary interna! cancers developing in tliose who 
already have or have had surface cancer are not frequent enough to 
diniinish the life e.xpectancy in this group or to frustrate the value of 
therapy of the surface malignancies. 
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The syndrome which Buschke* described at the beginning of the 
century under the designation "scleredema adultorum” has been 
accorded scant attention in the American literature. Particularly 
since the report by Epstein"* 7 years ago, dermatologists have been 
alert to recognize the characteristics of scleredema, but internists 
apparently have not been adequately aware of this distinctive 
although rare disease. Unfamiliarity has at times promoted con- 
fusion of scleredema with the grossly similar entity, scleroderma— 
an error which carries with it serious prognostic implications. 
There have been cases in which scleredema not infrequently has 
been mistakenly diagnosed as acute edematous scleroderma, and 
the subsequent favorable course has led to unwarranted conclusions 
regarding the benign nature of certain instances of “scleroderma.” 
Because the onset of scleredema is associated generally witli an 
acute infection, because the outlook for recovery of the patient is 
excellent, and because the internist is usuall}’- the first and some- 
times the only medical attendant in such a case, we believe that a 
general account of this disease might be of interest to physicians 
other than dermatologists. The pertinent literature has been re- 
viewed in recent contributions by Touraine, Gole and Soulignac,*® 
and Sweitzer and Lajunon.*® In this paper we shall present a 
compilation of the clinical and pathologic features of scleredema as 
the disease has been observed bj'^ us at The Mayo Clinic. 
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Material. The material reported on herein repesents a ^?up «£ 15 
natients of whom 10 were female and 5 were male. The predilection of 
the disease for the female sex is also borne out in the literature. Ages 
ranged from 2 to 53 years. Most of the patients (12) were less •&an 
30 years old, and the largest single age group was the third decade, m which 
decade alone were 8 patients. Neither occupation nor social factors 
played an apparent role. Study of the seasonal incidence in our senes 
showed a remarkable restriction of the onset of the disease to the months 
between late fall and late spring. 


Symptomatology. In all but 3 of the cases initial symptoms ^vere 
preceded by an acute infectious disease, the nature of which in each 
case is indicated in Table 1. Predominance of infections of the 
respiratory tract (influenza, tonsillitis, scarlet fever) is conspicuous. 
The interval between invasion by the antecedent disease and the 
first appearance of edema varied from a few days to 6 weeks. 
During this period of “ incubation” or latency 2 patients complained 
of general weakness and malaise, and 2 others experienced mild 
articular pains. In most of the cases, however, the interval ivas 
essentially asymptomatic, the patient having been regarded as nor- 
mally convalescent or entirely recovered from the recent infection 
when the cutaneous signs characteristic of scleredema presented 
themselves. So far as could be determined, the onset of scleredema 
was at no time accompanied by fever. 

Swelling started on the necks (often initially regarded as “stiff 
neck”) of 12 patients, on the faces of 2, and over the abdomen of 1. 
Usually, the involvement spread rapidly to occupy extensive por- 
tions of the body, in 6 cases becoming generalized. In the other 
cases the disease was confined to the upper portions of the body, 
extending down to the abdomen or buttocks and including, in 
2 instances, the thighs. Even in cases of generalized distribution, 
the lower extremities w^ere often involved but slightly. Edema con- 
spicuously spared the feet in every case, and the hands in every 
case save 1. As a rule the evolution Avas rapid, requiring less than 
1 week or 2 for completion, but in 2 cases the edema spread more 
slowly, over a period of 2 to 3 months. When the patients were 
seen at the clinic, the disease in all cases had already attained its 
definitive extent. 

The affected skin subjectn^ely was described as stiff or rigid and 
restraining. MoA'^ements of affected parts were thereby materially 
restricted. Pain Avas notably absent, and in only 2 instances were 
paresthesias experienced. The degree of stiffness and edema was 
observed by 2 patients^ to fluctuate from day to day, and in 1 
instance the patient noticed exaggerated tightness during the week 
preceding the menses. Occasionally, a patient reported dyspnea on 
exertion, caused by constriction about the neck or thorax, and in a 

CAV instances symptoms of slight dysphagia or hoarseness were 
present. 

One patient experienced Aveakness and tenderness of the muscula- 
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ture of the extremities and shoulder girdle. Although biopsy was 
not performed, it w^as considered likely that muscular involvement 
by the disease had supervened. 

The appearance of the skin was sometimes deceptive, in that few 
abnormalities were visible on casual inspection. The surface usually 
revealed no sheen or prominence of follicles. The minute markings 
were generally preserved, except in a few cases which displayed a 
smooth, glossy, pseudo-atrophic appearance. The color was at 
times pale, although the pallor was not striking, and the glazed 
ivory or alabaster hue of scleroderma was entirely lacking. One 
patient exhibited diffuse light brownish discoloration over the 
affected portions, and another presented discrete plaques of hyper- 
pigmentation over the extremities. In most cases the face ap- 
peared somewhat puffy, and the deeper folds were diminished or 
obliterated, bestowing a “masked” appearance on the patient. 
The eyelids were usually not swollen. In 2 cases the tongue was 
involved, with consequent restriction of movement. 

On palpation, an unanticipated degree of change was usually 
elicited. The skin provided a sensation of thickness, of deep, 
resistant, lardaceous or brawny induration, and it could not be 
picked up in large folds or moved freely over subjacent tissues 
(Figs. 1 and 2). Instead, it appeared usually to be fused with or 
bound inflexibly to the subcutis, as if it were either congealed or in 
a state which has been appropriately compared to the state pro- 
duced bj' liomogeneous infiltration of the deeper la.yers with paraf- 
fin.^® No pitting resulted from firm pressure. The borders of 
involvement were not distinct; merging took place gradually with 
the normal skin. 

Two patients had mild cyanosis of the otherwise unaffected fingers 
and toes, and tiiey complained of numbness and tingling in the 
distal parts of the extremities. Another patient showed cyanosis 
of the fingers onl3^ Although these plienomena might reflect a 
vasomotor abnormality, the possibility was considered also of super- 
ficial venous engorgement induced by the constricting, proximally 
situated infiltrate. Increased sweating of hands and feet was com- 
plained of by these 2 patients, and 1 additional patient exlubited 
generalized excessive sweating. 

The duration of the disease in the case of patients we have been 
able to follow ranged between 3 months and 3 years. So far as could 
be ascertained, involution was complete wherever “cleared” or 
“healed” is indicated in Table 1. Recurrences after healing are 
not, however, uncommon. Two of our patients furnished such a 
history, the interval between attacks lasting 2 years in 1 instance, 
and 20 years in the other. 

Laboratory data yielded little of diagnostic significance m our 
material. Morphologic and chemical constituents of the blood 
showed no important anomalies. Determinations of the basal 
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metabolic rate were normal in the 7 instances m which were 
performed. The patient suspected of haying muscular mhltration 
by scleredema excreted increased quantities (up to_ 400 mg.) oI 
creatine as demonstrated by 24-hour specimens of urine. 


Table 1 . — Scleredema Adiiltobom: Summary of 15 Cases. 


Case, 

Age, 

sex. 

Antecedent 

disease. 

“Incuba- 

tion" 

interval. 

Site of 
onset. 

Development and duration. 

Miscellaneous. 

1 

27 F 

Spontaneous 

abortion 

5 weeks 

Neck 

Spread over chest and aims; 
nearly clear in 8 mos: slight 
stiffness of neck remaining 

Later pregnancy did 
not impede involu- 
tion. 

2 

37 F 

“Rheumatism” 

■ 

Neck 

Spread to face, upper trunk 
and arms; greatly improved 
in 2 mos. 

Recurrence 20 yrs. 
later, lasted 1 yr. 

3 

18 M 

Influenza, mas- 
toiditis (right) 

6 weeks 

Right 

cheek 

Generalized in 10 days; healed 
in 9 mos. 


4 

25 M 

Influen 2 a, arth- 
ritis left knee 

1 month 

1 Neck ' 

' 1 

Extended over head, trunk and 
upper extremities in 5 days; 
cleared in 6 mos. 

Biopsy, 

5 

53 F 

Injected thy- 
roidectomy 
incision 

6 weeks 

Ncek, in 
zone of 
infection 

Generalized; extremities mild- 
ly involved. Improved rap- 
idly first 4 mos.; healed with- 
in 2 yrs. 

Hyperpigmentatmu, 

Biopsy. 

6 

1 

2 M 

Scarlet fever, 
otitis media, 
mastoiditis 

5 weeks 

Head. 

neck, 

tongue 

Rapidly generalized; marked 
improvement first month; 
cleared in 8 mos. 


7 

39 M 

Influenza 

2 weeks 

Abdomen 

Slowly spread to neck, face, 
tongue, arms, trunk and 
thighs; healed in 3 mos. 

Slight dysphagia and 
hoarseness. Pig. 
mented plaques over 
extremities. 

8 

6 F 

None? 


Neck 

Rapidly generalized; recovered 
in 1 yt. 

Biopsy. 

g 

20 F 

None 

1 

Neck, 

elbows 

Slowly generalized; cleared in 
3 yrs. 

Slight dyspnea and 
hoarseness. Cyano- 
sis, hyperhidrosis and 
numbness, hands and 
feet. Biopsy; recur- 
red 1 yr. later; rapid 
involution. 

10 

25 F 

Tonsillitis, 
cervical lym- 
phadenitis 

1 month 

Neck 

Spread to face, trunk, upper ex- 
tremities and thighs. Mod- 
erately improved 1 yr. later 

Numbness, cyanosis, 
hyperhidrosis, hands 
and feet. Biopsy. 

11 

6 M 

Measles 

2 weeks 

Face 

Slowly generalized. Healed in 
3 mos. 


12 

20 F 

None 


Neck 

Spread to face, upper extremi- 
ties and chest in several days 

Fingers cyanotic. 

13 

27 F 

Influenza 

1 month 

Neck 

Extended slowly over shoul- 
ders and chest. Healed in 
8 mos. 


14 

26 F 

Tonsillitis, 
otitis media 

2 weeks 

Neck, 

cheeks 

Spread to face, trunk, upper ex- ' 
tremities (including hands). ' 
Statlonwy after 4 mos. Im- ; 
proved in 7 mos. 

Pregnant (7 mos.) at 
onset; increased stiff- 
ness postpartum. 
Slight dysphagia; 
hyperhidrosis. 

15 

29 F 

Scarlet fever 

1 month 

Neck 

Spread to face, scalp, trunk and i 
arms. Nolmprovementafter 
after 2^ yrs. 

1 

Muscular tenderness 
and weakness, dysp- 
nea, creatlnuria. 


Patholo^c Considerations. Specimens of skin were excised for 
microscopic examination from 5 patients. Study of the sections 
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prepared by routine histologic methods revealed few striking abnor- 
malities. ^ The epidermal outline exhibited the usual undulatory 
pattern, indicative of the delicate wrinkling which usually persists 
oyer the cutaneous surface. The epidermis itself presented no sig- 
nificant changes aside from hyperkeratosis and follicular plugging 
in several sections. In the cutis the chief findings were disclosed 
in the middle and deep portions, where the collagen bundles were 
somewhat swollen here and there, often staining homogeneousl.y 
and separated by clear spaces {Fig. 3). Alterations in connective 
tissue were not, however, especially outstanding; 2 specimens, 
indeed, showed no deviation from the normal. In only 1 instance 
was the pars papillaris moderately homogenized. A distinct peri- 
^'ascular infiltrate occurred at times, the cells consisting mostly of 
lymphocytes and fibroblasts. In 1 case mild swelling was observed 
in a few of the vascular walls, and in another a number of vessels 
occupying the lower cutis and subcutis were dilated. There was 
no morphologic disturbance of the lymphatic vessels. Cutaneous 
appendages appeared also to be intact, although in one section hair 
follicles and sebaceous glands were atrophic. The elastic tissue in 
general revealed no peculiarities; nor Avere changes demonstrable in 
the cutaneous nerves or in the subcutaneous fatty tissue. Biopsies 
of muscular tissue, obtained from 2 patients, showed a normal 
structure. 

Freund,® in 1930, was able by special fixation and staining to 
demonstrate in the interstitial edematous spaces a net of meta- 
chromatic “mucin-like” substance which he believed was, like 
mucin, a glycoprotein. In our formalin and alcohol-fixed tissue, 
this metachromatic tinctorial reaction could not be produced. The 
substance contributing to the edema is not in a fluid state, because 
incision of the skin does not cause its e.xudation. 

Differential Diagnosis. The most important single problem of 
diagnosis is encountered in early diffuse scleroderma. In the litera- 
ture scleroderma and scleredema have been repeatedly confused, as 
the paper by Touraine and his associates testifies AA'ith abundant 
documentation. In the primary, edematous stage of diffuse sclero- 
derma, differentiation from scleredema may at first be difficult or 
impossible,^- for the skin at such a stage e.xhibits a firm sAvelling 
similar to that caused by scleredema, and which also may follow 
in the wake of a previous infection. Nor may the histopathologic 
changes of scleroderma be sufficiently distinctiA’^e at this time to 
be of aid. 

Prodromal articular and Amsomotor sjmiptoms often usher in 
diffuse scleroderma.^® Earliest signs consist in gradual diminution 
of the normal folds, waxj’- or glossy sheen of the skin, and a loss of 
facial expression; sclerodactylia, also, may appear shortly. The 
color assumes an hmry tint. Induration, hoAA'eA’^er, does not spare 
the superficial portion of the skin, as it usually does in scleredema. 



(Case 4.) Scleredema adultorum of 5 -weeks’ duration, sko-wing increased 
consistency of the skin which resists manipulation. 


Fig. 2. (Case 9.) Scleredema adultorum -which had been present for S months. 
The superficial winkling produced by attempts to pick up the skin indicates the 
characteristic deep induration of this disease. 
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Later, the characteristic picture of hidebinding and atrophy is seen, 
with rigid, shrunken, mask-like facies, limitation^ m movements of 
the mouth and tongue, wasting of subcutaneous tissue and muscles, 
restricted mobility of joints, and bronzing of the skin, ihis relent- 
less, progressive, atrophic development does not occur m scleredema. 
The essential histopathologic changes consist of vascular thickening 
with obstruction of the lumens, perivascular cellular infiltration, 
and hypertrophy and sclerotic homogenization of collagen. ^ ^ 
Dermatomyositis^'* early in its course likewise may at times imitate 
scleredema closely. One of us (O’Leary^^) has called attention to 
this possibility on several occasions. The fact that the pathologic 
process in scleredema sometimes invades the musculature can ren- 
der its resemblance to dermatomyositis all the stronger. Indeed, 
it may be necessary in certain cases to reserve judgment until the 
course of the disease has been observed over a reasonable length of 
time, because even biopsy may give indefinite results. Dermato- 
myositis may be heralded by muscular (weakness, tenderness, and 
pain), cutaneous (edema, eruption), or vasomotor (acrocyanosis or 
Raynaud-like) signs. The vulnerability of the muscles of the 
shoulder and pelvic girdle, the arms and thighs, and the neck is 
outstanding, and atrophy almost always develops in the affected 
groups. Implication of the vital striated musculature of the 
pharynx, larynx, thorax, and diaphragm constitutes the most serious 
complications of dermatomyositis. Cutaneous manifestations in- 
clude edema, which may simulate closely .that of scleredema, 
erythema, diffuse or patchy hjqierpigmentation, sclerodermic 
thickening, lupus erythematosus-like efflorescence and poikiloderma 
atrophicans vasculare. Fever may be an accompaniment • of der- 
matomyositis, although if it is present, it is usually of moderate 
grade. As noted before, fever is absent in the evolution of scler- 


edema. Dermatomyositis follows a progressive course, often without 
remissions, to a certain stage, after which, if the patient survives, 
activity may cease. The disease terminates fatally in approximately 
one-half the cases. Recovery, when it occurs, is usually partial or is 
marked by residua such as muscular atrophy and incapacity as 
well as cutaneous sclerosis, pigmentation, and calcification. 

It is doubtful if other conditions which may superficially resemble 
scleredema need be confused if concomitant features are properly 
appraised. Such diseases, listed here mostlj^ for academic purposes, 
include mj^xedema, lymphedema, angioneurotic edema, hereditary 
rop le ema, cardiorenal edemas, and elephantiasis. Sclerema neo- 
natorum and edema neonatorum^x^-s are rare, usually fatal diseases 
of newborn infants characterized by abnormalities in the subcuta- 
neous tissue^ and are accompanied by serious constitutional 
s^ptoms Fox^ has clearly differentiated these diseases from the 
infante ~ ™ited subcutaneous fat necrosis of newborn or young 
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Treatment. AltJiougli claims for any recommended therapeutic 
regimen may rightfully be challenged in the light of the self-limited 
character of scleredema, we concur in the belief that the cutaneous 
picture can be influenced favorably by certain agents. We shall 
mention briefly our experience in the management of this series of 
cases. Since there is no interference, as a rule, u'ith general health, 
restrictions need not be imposed upon the patient's activity. If 
feasible, foci of infection should be eradicated. It is our opinion 
that in 3 instances the disease was materially ameliorated by the 
removal of septic teeth or tonsils (this e.xperience would suggest 
that sulphanilamide might possibly be deserving of trial). Thyroid 
was administered to several patients in an attempt to hasten involu- 
tion by accelerating the peripheral circulation, but without impres- 
sive response. Our most \'aluable results were obtained, we believe, 
with induced fever, either alone or in combination with physio- 
therapeutic procedures. Fever was induced by means of t^^ihoid 
vaccine injected intravcnousl}’^ and repeated at intervals for as long 
as visible improvement was fortlicoming. Hj'pertherm sessions 
were employed in 2 instances. Softening and increased pliability 
of the skin of se\'eral patients could be demonstrated shortly after 
one or a few febrile bouts. Radiant heat, ultraviolet irradiation 
and judicious massage arc effective auxiliary measures. 

Comment. Precedence of scleredema by some acute infection is 
a nearly constant feature of the disease. Among such infections 
influenza, tonsillitis, measles, scarlet fever, mumps, otitis, erysipelas, 
and impetigo have been recorded. Then ensues a short interval 
lasting usually 2 or 3 weeks, during which the patient as a rule is 
free of sjnnptoms, although vague aches and pains are sometimes 
experienced. Early in scleredema there may be an associated 
erythematous eruption, but this is exceptional and was not noted 
by any of our patients. In the majority of cases, the first abnor- 
mality which ushers in the disease is the peculiar deep edema and 
stiffness in the posterior or lateral cer\'ical region. This change 
extends upward to include the adjacent skin of the neck, face and 
scalp, and downward over the shoulders, arms, trunk and, in fewer 
cases, the lower extremities. Nearly always the hands and feet 
remain unaffected. The tongue may be included in the involvement, 
as may also the general skeletal musculature.- Progression of the 
disease is usually complete in 2 or 3 weeks, although it sometimes 
requires a longer interval, and the condition, once established, 
remains stationary for a variable time, generally a period of se^■eral 
months, before involution begins. Depending on tlie extent oi 
involvement, the patient may experience limitation of movement 
of the extremities, slight respiratory embarrassment, immobility of 
facial expression, dysphagia and general weakness. The duration 
of the disease is inconstant; some cases have been reported in vlncii 
the disease cleared within a few days; other instances of the disease 
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have persisted for many years. Atrophy does not result. _ Tourame, 
Gole and Soulignac were convinced that cutaneous infiltration 
sometimes persists almost indefinitely in circumscribed portions, 
and that therefore the idea that complete clearing is a criterion lor 
cure of scleredema is fallacious. Recurrences following recovery, as 
well as residua in the form of indurated cutaneous regions, are 

probably not uncommon. „ -j j 

The nature of the process is still a mystery. Buschke considered 
the possibility that diffuse disease of the lymphatic vessels might 
be a factor in the pathogenesis of scleredema. Touraine and his 
associates also supported the theory of direct, although attenuated, 
infection. They contended that cutaneous infiltration commences 
in the zone of primary infection, and since this zone is generally 
pharyngeal, the first appearance occurs in the region of the lym- 
phatic drainage in the neck. The involvement, according to them, 
progresses in a manner analogous to that of erysipelas. Some sub- 
stantiation for this theory may possibly be interpreted from our 
Cases 3 and 5. 

Touraine and his associates have proposed to catalog scleredema, 
scleroderma and dermatomyositis under the inclusi^’^e title of 
"extensive benign sclerodermiform cellulitis.” This term would 
signify a special type of inflammation of the cellular tissues of the 
cutis and subcutis with occasional deeper extension to the fasciae 
and muscles. The aforementioned authors placed great emphasis 
on certain superficial attributes which the three diseases share in 
common. But to us there is an inadequate factual foundation for the 
thesis of these investigators, which seems to be largely supported by 
anomalous, presumptively "transitional” forms, unifying this group 
of so-called dermatoscleroses. Gottron'^ and Grzybowski® also have 
discussed certain clinical and histologic relationships of dermato- 
myositis to scleredema. 

Disease of the cutaneous nerves has been suggested as an etio- 
logic possibility,^^ and the alleged relationship of scleredema to 
trophedema has been discussed recently by Helfand.^® The exis- 
tence of a diffusible toxin which acted on the collagen was postu- 
lated by Sellei.^^ Endocrine disease has been incriminated as a 
possible factor in scleredema,^*’ as it has, with as little justification, 
m numerous other dermatoses. A vague similarity of scleredema 
to myxedema might be conjectured on pathologic grounds,'® and 
an analogy to the somewhat limited distribution of scleredema may 
doubtfully exist m localized myxedema. The relationship of the 
mnltratmg material in scleredema to the mucin it appears to 
resemble must await further elucidation. Until more is known 
0 e IS ochemical nature of the cutaneous alterations occurring 
m scleredema, speculation m regard to pathogenesis is fruitless. 

ummaiy. An analysis is presented of the clinical and pathologic 
features of 15 cases of scleredema adultorum in which the patients 



466 


singer: the lysolecithin fragility test 


^yere observed at The Mayo Clinic. The distinctive involvement of 
tissue and benign course are described, and other qualities are sur- 
veyed which distinguish the disease from diffuse scleroderma and 
dermatomyositis. Our experience with various agents of treatment 
is summarized. Probably the involution of scleredema may be 
accelerated by certain therapeutic procedures, even though the exact 
nature of the morbid process is for the present unknown. Theories 
of pathogenesis are reviewed. 
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THE LYSOLECITHIN FEAGILITy TEST. 
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(From the Physiological Institute of Vienna University, the Medical Department 
of the Allgcmoino Poliklinik in Vienna, and the Hcmatologj' Labora- 
tory, Beth Israel Hospital, Boston, Mass.) 

The commonest test for the fragility of the red blood cells is 
based on the use of various concentrations of hypotonic salt solution. 
That the same red blood cells may behave differently towards 
different b’sins is not generally appreciated. Thus according to 
Ponder,"® who stresses the so-called Rywosch series, the red cells 
of different species behave in diametrically opposite ways to solu- 
tions of saponin and to hypotonic solutions of sodium chloride. 
The reaction of abnormal red cells to different lysins has been but 
little studied. In the course of previous work with the presence 
of lysolecithin in the blood of Amrious normal and abnormal condi- 
tions, the reaction of the abnormal red blood cells of congenital 
hemolytic jaundice Avas studied. It was soon recognized that the 
spherocytes of this disease Avere unusuallj’^ fragile to this lysin and 
that this reaction might be of some importance in diagnosis. 
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Congenital hemolytic (spherocytic) jaundice is characterized 
clinically by anemia, increase in reticulocytes, enlarged spleen and 
the signs of increased blood destruction (icterus, increased bilirubin- 
emia, increased excretion of pigment in the urine and feces) . Three 
further symptoms call for particular attention, narnely; 1, the 
spherocytosis of the erythrocytes; 2, the decreased resistance of the 
red cells to hypotonic solutions of sodium chloride; and 3, the evi- 
dence of inheritance. 

Spherocytosis is due to a decrease of the mean cell diameter 
with simultaneous increase of the mean thickness diameter. This 
change of form is considered by most authors (Naegeli,^* Gansslen,^^ 
Haden^^) as pathognomonic of congenital hemolytic jaundice. Thus 
Thompson^^ (1936) says: “The spherical microcytes .... are as 
■pathognomonic of this disease as are the sickle cells in sickle -cell 
anemia.” Naegeli terms the disease “globe-cell anemia”; Krumb- 
haar^^ calls it “spherocytic jaundice.” On the other hand, von 
Boros,^ Heilmeyer^® and Dameshek and Schwartz'^ describe the pres- 
ence of spherocytes in various conditions. The latter authors found 
that spherocytosis was common to various hemolytic syndromes 
and on the basis of clinical and experimental observations concluded 
that this abnormality of the red cells was due to the action of 
various hemolytic agents upon the erythrocytes. 

Increased fragility of the erythrocytes to solutions of hypotonic 
saline has also been regarded since the time of Chauffard® (1907) 
as pathognomonic of this disease. Haden'® pointed out the direct 
correlation between spherocytosis and decreased NaCl resistance. 
However, Gansslen,^® who studied more than 100 cases, stated that 
in more than 10% of the cases the hypotonic salt resistance was 
normal. Furthermore, hemolytic anemia of other types, com- 
pletely distinct from congenital hemolytic jaundice, also showed 
increased saline fragility. 

The evidence of inheritance is of importance in diagnosis. The 
disease frequently remains quite latent, however, and only with 
the most careful hematologic methods can deviations from the 
normal be ascertained (Paschkis,®^ Gansslen^®). Hemolytic anemia 
may occur in the course of other diseases as so-called symptomatic 
forms. These cases have been observed in association with various 
exogenous and endogenous toxic influences. In this group belong 
the cases of sepsis from gas bacilli and streptococci (Widal” and 
his school), Hodgkin’s disease of the spleen (Holler,^® Davidson,® 
Singer” et al), lymphatic leukemia (Paschkis,” Klima”) and of lead 
poisoning (Davidson,® etc.). 

In addition to these symptomatic cases, is the group of cases of 
acute hemolytic anemia without congenital or familial background, 
and without obvious cause. Widal, Abrami and Brul6” described 
these cases as acquired hemolytic icterus; Chauffard® and his co- 
workers demonstrated the presence of serum hemolysins in certain 
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of them; Lederei'^® described them as a “new” disease; and more 
recently Dameshek and Schwartz’ noted the presence of isohemoly- 
sins and the dramatic effect of splenectomy. In all of these cases 
of non-congenital, acquired hemolytic icterus, spherocytosis and 
increased saline fragility may be prominent features. 

The establishment of spherocj’^tosis in a case of hemolytic anemia 
is of essential importance. This is done by direct examination of 
the stained smear, and, as Dameshek® has recently shown, by studies 
of rouleaux formation and of “cupping” and so on in fresh prepara- 
tions. Calculation of the mean cell diameter, the mean cell volume 
and the mean thickness diameter of the erythrocytes, although 
valuable, is laborious. In view of the recent investigations of 
Dameshek and Schwartz,’ which demonstrate conclusively that 
spherocytosis cannot be considered as pathognomonic of the con-- 
genital hemolytic type, a test which discriminates between the 
spherocytes of the congenital and of the other types would be of 
some value. This paper deals with such a test, which is based upon 
the reaction of the red cells to a substance called “lysolecithin” 
derived from blood serum. Elaboration of the method was stimu- 
lated by the studies of Bergenhem and Fahraeus.- 

The Kesearches of Bergenhem and FShraeus. Three years ago 
these Swedish investigators reported the discovery of a new hem- 
olysin in normal blood. They found that if defibrinated or citrated 
blood was allowed to stand quietly for several hours at body tem- 
perature, characteristic changes were produced: 1, considerable 
retardation of the sedimentation rate of the erythrocjftes; 2, a 
change from the biconcave to the spherical form; 3, a noticeable 
reduction of aggregation (rouleaux formation). These changes, 
they concluded, were due to a modification of the serum. They 
found that serum contained a lecithinase, which was capable of 
splitting a substance from the serum lipoids; adsorption of this 
latter substance by the red blood cells resulted in the abo^m changes. 
This enzymatic process reached its maximum at a temperature of 
42° C. and a pH of 7.2 and was inactivated at 56° C. The sub- 
stance, formed in undisturbed blood at a temperature of 37° C., was 
found to be identical Avith the so-called lysolecithin. Lysolecithin 
is a definite chemical substance, which has received prominence in 
the study of the biologic effects of snake venom. Flexner and 
Noguchi^’ were the first to show that blood serum was necessary 
in the hemolysis of red blood corpuscles by cobra toxin; red 
cells washed free of serum were incapable of lysis. Kyes and 
Sachs^® found that the hemolytic effect of cobra toxin was activated 
by the presence of lecithin without serum being present. Further 
experiments (Liidecke,’^ Manwaring,^’ Delezenne and Ledebt®) elu- 
cidated the mechanism of the action of this toxin. ^ In the venoms 
of the cobra, scorpions, and of bees a lecithinase is present which 
splits from the lecithin molecule the unsaturated fatty acid group. 
The resulting residue is the hemolyzing lysolecithin. Chemically, 
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this substance is characterized by insolubility in ether and by 

ready solubility in water or alcohol. ' i j 

The globular or spherocytic form of the erythrocytes produced 
by the adsorption of serum lysolecithin is in all probability the fore- 
runner of hemolysis. At a stronger concentration of lysolecithin, 
complete hemolysis of the erythrocytes occurs. _ The amount of 
lysolecithin in freshly prepared normal serum is fairly low, amount- 
ing on the average to about one-fourth of the concentration which 
results when the undisturbed serum is kept at 37° C. for 24 hours. 

In congenital hemolytic jaundice the circulating erythrocytes are 
either partly or wholly spherocytic. Since a dilute solution of 
lysolecithin renders the normal disjc-shaped erythrocytes spherocytic, 
but a more concentrated solution leads to hemolysis, the question 
arises whether in hemolytic jaundice, the spherocjdic cells are not 
more readily hemolyzed by lysolecithin than are normal erythro- 
cytes. In order to decide this question, it was necessary first of all 
to possess an exact process for the extraction of serum lysolecithin, 
as well as an accurate method for determining its quantity. 


Methods. Lysolecithin is prepared as follows: AtZeast 20 cc. of 'animal 
(horse or dog) or human serum are warmed at rest for 24 hours (incubator) 
at 37 ° C. in order to obtain a maximal quantity of lysolecithin. The serum 
is then precipitated with 10 times its quantity of 95% alcohol, filtered and 
the filtrate evaporated in a vacuum apparatus at room temperature to 
complete dryness. The residue is again dissolved in a little alcohol, mixed 
with 6 times its quantity of ether and placed in the refrigerator overnight. 
The precipitate contains the lysolecithin. After removing the ether and 
drying the precipitate the content of lysolecithin is determined. 

For this determination its hemolytic power is used. The quantity that 
is to be ascertained is dissolved in 0.8 cc. of physiologic salt solution. 
From this basic solution a geometric series of dilutions is prepared in the 
usual manner by further dfiution with physiologic solution of NaCl. An 
approximate 2% saline suspension of washed erythrocytes containing about 
100,000 cells per c.mm. is taken up in leukocyte pipettes to the 1 mark and 
diluted with the various single dilutions of lysolecithin to the 11 mark. 
While hemolysis is taking place, the pipettes are set aside for 1 hour. With 
extremely weak concentrations of the lysin, the reaction may be facilitated 
by placing the pipettes in the incubator for the same period. The solu- 
tions are then examined in a hematocytometer. By determining the num- 
ber of undissolved erythrocytes an exact measure of the degree of hemolysis 
is obtained. Hemolysis above 90 % is regarded as complete. The evaluation 
of exactly equal quantities of lysolecithin "with the same amount of normal 
human erytlirocytes always gives similar results, as has been proved by 
numerous experunents. If heterogenous erj'throcytes are used the results 
may be entirely different. This is best shown in Table 1, in which the 
lemolytic power of 2 equally large quantities of lysolecithin has been 
measured both with human and dog erythrocytes. 

Table 1. -Comparative Hemolytic Effect on Human and Dog Erythrocytes. 
Lysolecithin dilution. 


Amount of hemolysis 
m%. 

Human erj'throcytes 
Dog erythrocjdes 


1 : 2 . 

+ 

100 

+ 

100 


1:4. 

1:8. 

1:16. 

1:32. 

1:64. 

+ 

+ 

+ 

— 


100 

100 

98 

42 

0 

+ 

+ 

+ 

+ 

+ 

100 

100 

100 

100 

100 


1:128. 1:256. 1:512. 


+ 

100 


58 
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The table shows that dog erythrocytes are much less (8 times less) 
resistant to lysolecithin than human ones. The test may likewise 
be used in the differential diagnosis of various hematologic cases, 
particularly when there is a question of congenital hemolj^tic jaun- 
dice. Equal quantities of lysolecithin are tested against the same 
amount of both normal and questionably abnormal erythrocytes. 
The dried lysolecithin (ether residue) from at least 20 cc. of un- 
moved incubated scrum is dissolved in 1.6 cc. of normal saline. 
The solution is divided in equal parts and from these initial solutions 
the geometric series of dilutions is prepared. 

For smaller quantities of lysolecithin, the method may be modi- 
fied still further. For this purpose the test is made in special 
pipettes that take just one-half the contents of the normal leukocyte 
pipettes. The amount of serum used for the lysolecithin extraction 
can thus be reduced to 10 cc. The dried lysolecithin for each test is 
dissolved in 0.4 cc. of normal salt solution. 

Results. A. Normal Cases. As numerous tests (30 cases) have 
proved that normal human erythrocytes always show the same 
resistance towards lysolecithin, the resistance of the spherocytes of 
congenital hemolytic jaundice has been determined in comparison 
with the normal. In order to give clear expression to the results, 
the tests have always been made with a concentration of lysolecithin 
that gives complete hemolysis up to the dilution 1 to S. Of- the 
normal cases, all of which showed the same results, 6 cases are 
included in Table 2. 

B. Congenital Hemolytic Jawidicc. As Table 2 shows, the 
resistance of the red cells of congenital hemolytic jaundice to 
lysolecithin is definitely less than that of the normal ones: whereas 
the normal cases show at most incomplete liemol.ysis at a l.ysolecithin 
dilution of 1 to 16, the cells of congenital hemolytic jaundice showed 
complete hemol.ysis at this dilution and in some cases there was 
more or less incomplete hemolysis at a dilution of 1 to 32. One case 
(No. 9) showed complete hemolysis at 1 to 32 and a high degree of 
incomplete hemolysis at 1 to 64. These values are the more 
remarkable when it is considered that the lysolecithin fragility test 
is made with a geo77ietric progression of dilutions rather than with 
an arithmetic one, as in the fragility test with hypotonic solutions 
of sodium chloride. 

To characterize the cases the following may be added. Cases 1 
to 3 all came from one family and showed the typical symptoms of 
congenital hemolytic jaundice. The same applies to Case 4, who 
was aware of the character of his illness and of its familial character. 
In Case 5 the hereditary features were poorly defined. The father 
of the patient had died of pneumonia at an early age and the mother 
could not remember any symptoms characteristic for hemolytic 
jaundice in her husband. The examination of the mother showed 
completely normal hematologic conditions. The patient (an only 



Table 2.— Lysolecithin Resistance of Normal and Spherocytic Erythrocytes 
OF Congenital Hemolytic Jaundice. 


Case. 

Diagnosis. 

State of 
blood. 

NaCl ■ 
resistance. 

Lysolecithin resistance, %. 

1-.2. 

1-.4. 

1-.8. 

1: 

16. 

1: 

32. 

1: 

64. 

Result. 


Hypertension 

Normal 

0.45-0.30 

+ 

100 

+ 

100 

+ 

92 

26 

0 

- 

Normal 

Normal case 

Normal 

0.45-0.30 

+ 

100 

+ 

100 

+ 

92 

,22 

0. 

— 

Normal 

Diabetes 

Normal 

0.45-0.32 

+ 

100 

+ 

100 

+ 

97 

34 


■ — 

Normal 

1 

Normal case 

Normal 

0.45-0.28 

+ 

100 


+ 

92 

19 

0 

i — 

I Normal 

i 

Hypertension 

Normal 

0.45-0.30 

+ 

100 



38' 

e 

— 

Normal 

Normal case 

Normal 

0.45-0.30 

i 

+ 

100 

1 

100 

+ 

95 

23 

0 


Normal 

1 

Hemol. jaund., 
man aged 49 
yrs. 

Hb. 50 

E. 2.9 

Retie. 9.0% 

0.60-0.30 j 

i 

+ 

100 

1 

+ 

1 100 

I 


+ 

91 

28 

0 

De- 

creased 

2 

Hemol. jaund., 
daughter oi 
Case 1, aged 
20 yrs. 

Hb. 60 

E. 3.3 

Retie. 11% 

0.55-0.30 

1 




+ 

93 

20 

0 

De- 

creased 

3 

Hemol. jaund., 
son of Case 1, 
aged 14 yrs. 

Hb. 54 

E. 3.0 

Retie. 7.8% 

0.55-0.30 

+ 

100 I 

+ 

100 

+ 

100 

+ 

98 

56 

0 

De- 

creased 

4 

Hemol. jaund., 
man aged 42 
yrs. 

Hb. 90 

E. 4.2 

Retie. 8.4% 

0.64-0.56 

+ 

100 

+ 

100 

1 

+ 

93 

49 

M 

De- 

creased 

5 

Hemol. jaund., 
boy aged 17 
yrs. 

Hb. 64 

E. 3.6 

Retie. 8.2% 

Normal 

0.45-0.30 

+ 

100 



+ 

92 

60 

H 

De- 

creased 

6 

Hemol. jaund., 
girl aged 12 
yrs. 

Hb. 70 

E. 3.6 

Retie. 18% 

0.80-0.30 

+ 

100 

-f* 

100 

+ 

100 

+ 

100 

38 

0 

De- 

creased 

7 

Hemol. jaimd., 
mother of 
Case 6 

Hb. 82 

E. 4.4 

Retie. 2.6% 




100 

+ 

96 

51 

!H 

De- 

creased 

8 

Hemol. jaund., 
man aged 50 
yrs. 

Hb. 106 

E. 4.9 

Retie. 7% 

0.76-0.04 

+ 

100 

+ 

100 


+ 

92 

75 

35 

De- 

creased 

9 

Hemol. jaund., 
son of Case 8, 
aged 14 yrs., 
splenect. 

Hb. 95 

E. 4.8 

Retie. 0.2% 

0.60-0.04 

+ 

100 

+ 

100 

+ 

100 

+ 

98 

+ 

90 

55 

De- 

creased 

10 

Hemol. jaund., 
dghtr. of Case 
8, aged 6 yrs., 
splenect. 

Hb. 90 

E. 4.4 

Retie. 0.4% 

0.68-0.16 

+ 

100 


+ 

100 

ft 

+ 

94 

79 

36 

De- 

creased 


( 471 ) 











































































































472 singer: the lysolecithin fragility test 

child) presented the signs of hemolytic anemia and had a large 
spleen. The mean diameter of the erythrocytes was 6.9 fx. The 
resistance of the red cells against hypotonic salt solution, deter- 
mined several times, was normal. Despite this, the lysolecithin 
fragility was a pathologic one. Case 6 is a girl of 12, who since 
years has had a large spleen, moderate enlargement of the liver, 
slight icterus and symptoms of hemolytic anemia. The greatly 
increased fragility of her erythrocytes towards hypotonie salt 
solution, the marked reticulocytosis as well as the high degree of 
urobilinogenuria indicated a liemolytic jaundice. The lysolecithin 
reaction confirmed the diagnosis. The anamnesis concerning the 
hereditary conditions, however, proved quite negative. The his- 
tory, clinical and hematologic examination of the parents and of 

2 brothers and sisters showed totally normal conditions, except 
that the number of reticulocytes was slightly increased in the 
mother. In spite of normal saline fragility of the erjdhrocytes the 
mother showed a high pathologic lysolecithin reaction. Thus the 
hereditary connections were also established in this case. The last 

3 cases are all members of one family. The 2 children were splen- 
ectomized 2 years previously, as an emergency measure for severe 
hemolytic crises. As the splenectomized cases also showed a patho- 
logic lysolecithin reaction, 1 case giving the most pronounced reac- 
tion of these series, it must be assumed that the abnormal fragility 
of the erythrocytes towards the serum lysin remains unchanged 
after splenectomy, although the fragility to hypotonic solutions of 
sodium chloride is sometimes considerably altered. 

C. Acquired Hemolytic Anemia. The results of the lysolecithin 
fragility test in the non-congenital types of hemolytic anemia are 
seen in Table 3. 

Case 1 should be discussed in detail. This patient, aged 45, IS years 
previously had cervical adenitis, which a biopsy proved to be tuberculous. 
Six years prior to her present illness a mediastinal tumor was discovered 
and treated mth Roentgen rays. Tlwee months before entering the 
hospital, she became very anemic (Table 3), and numerous spherocytp 
were present. There was slight jaundice and a firm spleen was readily 
palpable 2 fingers below the costal margin. The liver was not enlarged. 
A large mediastinal tumor was again denionstrated.^ There ^yas no other 
lymphadenopath}^ From the hematologic standpoint the diagnosis was 
thus hemolytic jaundice. Hemolysis of the red cells to hy^potonic saline 
began at 0.6% NaCl. Despite this pathologic fragility of the erythrocjdes, 
the lysolecithin fragility was twice completely normal. Because of these 
data, hemolytic jaundice, associated with Hodgkin’s disease of the 
was assumed. Splenectomy revealed a typical porphyric spleen. Alter 
operation, the anemia at &st improved and then changed its character 
to that of a hypochromic type. There was a slight though definite response 
to iron, but 5 months later large masses of cervical glands appeared and tne 
patient shortly died. 

The occurrence of hemolytic anemia in cases of Hodgkin s diseas^ 
although rare, has been described by various authors as I pointed 
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out in another paper in 1936. Holler and Paschkis^® 
ported a similar case with increased saline fragility and which lik 
wise was submitted to splenectomy because of the diagnosis of con- 
genital hemolytic jaundice. The normal lysolecitlnn fragility in 
the case reported above, in association with an abnormal saline 
fragility, proved valuable in the differentiation of the symptomatic 
from the constitutional form of hemolytic jaundice. 

Table 3. — Lysolecithin Resistakcb in Other Hemolytic Anemias. 




State of 

NaCl 

Lysolecithin resistance, %. 


Diagnosis. 


an 





Case. 

blood. 

resistance. 

■ 

B 

1:8. 

1: 

16. 

1: 

32. 

Result. 


Normal case 

Normal 

0.45-0.30 

+ 

+ 

+ 





Normal 






94 

44 

M 


1 

Hemolytic anemia, 

Hb. 52 


+ 

+ 

+ 

- 

— 

Normal 


Hodgkin’s disease 

B. 1.8 


■OIIM 

■niii 

92 

36 

0 



of the spleen 

Retie. 12.6% 



1 

1 





2 

Hemolytic anemia, 

Hb. 25 * 

0.60-0.28 

+ 

+ 

+ 


— 

Normal 


l 3 ^ph. leukemia 

1 

E. 1.1 

Retie. 13.8% 


100 

100 

98 

29 

0 


3 

Hemolytic anemia, 

Hb. 34 

0.72-0.28 

+ 

+ 

+ 

— 

— 

Normal 


lymph, leukemia 

E. 1.77 

Retie. 8.3% 


100 

100 

100 

55 

0 


4 

Pernicious anemia 

Hb. 50 

0.45-0.30 

+ 

+ 

+ 

— 


Normal 



E. 1.6 

Retie. 1% 


100 

100 

91 

27 

0 


5 

Pernicious anemia 

Hb. 40 

0.45-0.30 


+ 

+ 



_ 

Normal 



E. 1.8 

Retie. 0.3% 


100 

100 

94 

32 

0 


6 

Pernicious anemia 

Hb. 30 

0.46-0.30 

+ 

+ 

+ 


__ 

Normal 



E. 0.94 
Retie. 0.7% 





•39 




Case 2, a woman, aged 50, showed marked pallor several weeks before 
admission, to the hospital. Examination showed a subicteric patient with 
a high degree of hemolytic anemia. The spleen was considerably enlarged, 
1 peripheral lymphadenopathy. The white cell count was 

11,500 (88% small lymphocytes). The platelets were greatly reduced. 
Occasional nucleated red cells were seen, together with many small, dense- 
appearing microcytes (spherocytes). Sternal puncture revealed well- 
marked Ijnnphoid infiltration of the bone marrow. Fragility of the red 
cells was mcrea^d to 0.6% of hypotonic saline, but the lysolecithin fragility 

‘ 1 dja^osis of subleukemic lymphatic leukemia with 
symptomatic hemolytic jaundice was made. 

unmcomiSTwn - ^ ""^ed 70, showed a hitherto 

arlmfS woe S ° leukemia which at the time of hospital 

LiZs wITv acute hemoljdic anemia. There was slight 

icterus. higUy positive Van den Bergh reaction in the serum and increased 
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urobilinogen in the urine. Leukocytes count was: 142,500 of which 92% 
were mature Ijnnphocytes. Most of the red cells were spherocytes; again 
the lysolecithin resistance was normal, but the saline fragility Avas greatly 
increased. 

In 3 cases of pernicious anemia (Cases 4 to 6) with a typical blood 
picture and excellent response to liver treatment the lysolecithin 
fragility was normal. 

Experiments have thus far indicated that the spherocytes of 
congenital hemolytic jaundice have a considerably reduced resistance 
towards lysolecithin, Avhereas the similar!}'- morphologic spherocytic 
erythrocytes of other types of hemolytic anemias show a normal 
reaction to this lysin. 

D. SicJcIe-cell Anemia. In this peculiar congenital condition, 
which is generally classified as a hemolytic disease, a considerably 
increased resistance to lysolecithin was observed in 2 of 3 cases, 
hlarked sickling was demonstrable in fresh preparations of the blood 
of all 3 cases. Hemol 3 ’^sis in hypotonic saline began at a normal 
level (0.46 to 0.42%) but complete hemolysis was present only at 
0.04%, an indication that some of the cells were very resistant to 
hypotonic salt solution. This fact was recently emphasized by 
Diggs and Bibb'“ who explain the increased resistance of the cells 
in sickle-cell anemia by the ability of these erythrocytes to alter 
their shape without placing their membranes under sufficient ten- 
sion to cause hemolysis. More recent studies, particularly by 
Barrett,^ have demonstrated that the most resistant cells have the 
general appearance of a target. It is possible, as Barrett points out, 
that these cells are the direct opposite of the spherocyte in regard 
partieularly to thickness, and therefore most resistant to various 
Ij'-sins. 

There is again, however, a lack of complete parallelism between 
the resistance of cells in sickle-cell anemia towards hypotonic NaCl 
and lysolecithin. Thus the erythrocytes of Case 3 presented a nor- 
mal lysolecithin fragility although the presence of saline resistant 
cells in this case could be demonstrated. 

E. Chronic N on-hemolytic Jatmdice. In 3 of 6 cases of chronic 
non-hemolytic jaundice an increased resistance to lysolecithin was 
found. Two of these cases of dironic non-hemolytic jaundice had 
cirrhosis of the liver with long-standing icterus. The third case had 
a cancer of the pancreas with obstructive jaundice lasting for 
7 weeks. The saline fragility in these cases was normal. In other 
cases of chronic non-hemolytic icterus both the lysolecithin and the 
saline fragility tests were normal. In a few cases, the saline fragility 
was decreased, although the lysolecithin test was normal. That the 
biochemical structure of the erythrocytes undergoes changes in 
chronic jaundice (pachydermia of the erythrocytes) has been known 
for a long time. Since ChaneB (1880) and others it has -been 
accepted that the saline fragility of the erythrocytes is not infre- 
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quently decreased in obstructive jaundice. BarreW has pointed out 
that “target” cells are seen frequently in the 

sickle-cell anemia, where they have been first described by Haden 
and Evans, and after splenectomy severe hepatic disease, particu- 
larly with obstructive jaundice. 


Table 4.-Lybolecithin Resistance in Sickle-cell Anemia and in Cheonic 

Non-hemolytic Jaundice. 


Case. 

Diagnosis. 

state of 
blood. 

NaCl ■ 
resistance. 

Lysolecithin resistance, %. 

1:2. 

1:4. 

1:8. 

1: 

16. 

1: 

32. 

Result. 


NoTmal case 



+ 

+ 

+ 



— 

Normal 








27 



1 

Sickle-cell anemia 

Hb. 53 

0.42-0.04 1 

+ 

— 

— 

— 

— 

Highly 


1 

E. 2.7 

1 


95 

70 

20 

0 


increased 

2 

Sickle-cell anemia 

Hb. 61 



— 

— 

I _ 

1 

Highly 

1 


E. 4.9 


94 

75 

40 

0 


increased 

3 

Sickle-cell anemia 

Hb.43 

0.46-0.04 

+ 

+ 

+ 

n 

n 

Normal 



E. 1.9 




92 

B 

1 


4 

Chronic icterus, liver 

Hb. 84 

0.44-0.28 

+ 

+ 

— 



Increased 


cirrhosis 

E. 4.5 


100 

100 

65 

0 



5 

Chronic icterus, liver 

Hb. 92 

0.46-0.34 

+ 

-k 




Increased 


cirrhosis 

E. 4.8 


100 

100 

72 

20 

y 


6 

Chronic jaundice, Ca. 

Hb. 91 

0.42-0.22 

+ 

+ 

— 

— 


Increased 


pancreas 

E. 4.4 


■ 

94 

55 

0 




Discussion. The results thus far obtained demonstrate conclu- 
sively that the mechanism of lysolecithin hemolysis is different from 
that of NaCl hemolysis. Though the mechanism of NaCl 
hemolysis is still not entirely clear, we may assume that in conse- 
quence of osmotic differences there first occurs swelling and then 
bursting of the cell. On the basis of measurements of the cell 
diameter, Hadetf^ demonstrated that normal erythrocytes show an 
increasing tendency to assume a spherical shape when submitted to 
decreasing concentration of NaCl. 

As .Bergenhem and Fahraeus have demonstrated, lysolecithin 
ikewise leads to spherocytosis, but by a different mechanism. The 
lysin is apparently directly adsorbed by the cell membrane. The 
normal disk-shaped erythrocytes are first made spherocytic by 
lysolecithin before hemolysis takes place. They thus require for 
complete hemolysis a larger quantity of lysolecithin than the 
already spherocytic cells of the congenital hemolytic jaundice. 

ihis hjqiothesis does not explain the fact that definite spherocytes 
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in conditions other than the congenital type of hemolytic jaundice 
behave in a normal manner to lysolecithin. As Dameshek and 
Schwartz’ have recently pointed out, spherocytosis is found in 
various hemolytic conditions, and is by no means pathognomonic 
of the familial form of hemolytic anemia. These authors produced 
spherocytosis of various degrees experimentally in guinea pigs by 
injecting anti-guinea pig hemolytic serum. These spherocytes also 
showed an increased saline fragility. The conclusion was reached 
that spherocytosis was due to the activity of hemolysins and not 
to an abnormal anatomic peculiarity or to a disturbed formation 
of cells in the bone marrow. Since increased fragility is a function 
of the increased thickness of the red cells, it is dependent on the 
same cause. The conclusion was also advanced that the various 
hemolytic syndromes were all due to hemolysins, possibly of differ- 
ent types and present in different amounts, functioning slowly in 
some cases and violently in others. They felt that various blood 
pictures of the hemolytic anemias, viz., anemia, spheroc 3 '’tosis, 
increased fragility, were in all probability due to the effects of the 
varying activity of hemohysins. 

Spherocytosis maj'- thus be considered as the morphologic expres- 
sion of a change in the erj^throcytic structure due to the action of 
different kinds of hemotytic agents. It is a forerunner of hemotysis. 
As the various hemolj'^sins are of quite different nature, one should 
expect that the resultant ph.ysico-chemical alterations in the struc- 
ture of the cells might differ. The abnormal resistance of the 
spherocytes to lysolecithin in congenital hemolytic jaundice, as 
opposed to that in the acquired tj'pes, may therefore be explained 
by varying alterations in the cell structure, caused bj" chemically 
different substances. According to this hj-pothesis spherocytes, 
although morphologicallj'' similar, maj'^ be entirelj'’ different from the 
physico-chemical standpoint. 

Although the exact mechanism of l^’^solecithin hemolj'^sis cannot 
be explained, the practical importance of the use of lysolecithin in 
the study of er.ythrocyte fragility need not be influenced bj*^ this 
fact. The examination of the fragility of red blood 'corpuscles 
towards both hemoljdic agents maj”^ be of A'^alue in the often difficult 
diagnosis of hemolytic anemias, as well as for the demonstration of 
an hereditary tendency. The chief disadvantage in the use of 
Ij’-solecithin is that it is not readity available. This disadvantage is, 
however, more than offset by the possibility of a better differentia- 
tion of otherwise very similar clinical pictures. 

Summary. 1. Bergenhem and Fahraeus demonstrated that 
normal blood serum contains a hemotytic substance called “lyso- 
lecithin.” In sufficiently high concentration complete hemolysis of 
red blood corpuscles occurred, whereas lesser concentrations of 
lysolecithin resulted in the development of spherocj’'tosis. 
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2. A method is described for the extraction of lysolecithin from 
serum and for quantitative measurement of its hemolytic power. 
Lysolecithin, when extracted from the serum, may be used as a 

means of testing red cell fragility. , . . i 

3 The spherocytes of congenital hemolytic jaundice are ^^^h 
less’ resistant towards this lysin than normal erythrocytes. This 
decreased resistance of the erythrocytes is occasionally one ot the 
few demonstrable symptoms of latent forms of congenital hemolytic 

jaundice. . , i x j.- 

4. In the spherocytosis of various acquired and symptomatic 

types of hemolytic icterus, the lysolecithin fragility is normal 
although the saline fragility is definitely altered. _ 

5. Certain cases of sickle-cell anemia and of chronic non-hemolytic 
jaundice show an increased resistance to lysolecithin. 

6. The lack of parallelism in the resistance of various types of 
erythrocytes to lysolecithin and to hypotonic salt solution indicates 
that the mechanism of hemolysis by these hemolytic agents is a 
different one. 

7. As Dameshek and Schwartz have pointed out, spherocytosis 
may be considered as the morphologic expression of an alteration 
in the structure of erythrocytes due to the action of different types 
of hemolytic substances. It is a forerunner of hemolysis. Since 
the spherocytes of congenital hemolytic jaundice and of various 
acquired types show a different susceptibility towards lysolecithin, 
the cell structure of these cells must vary. In other words, sphero- 
cytes, although morphologically similar, may be quite different 
physiologically. ^ 
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NEW INDEXES DEMONSTRATING THE DEGREE OF 
ANISOCYTOSIS IN HUMAN BLOOD. 

By Louis van den Berghe, 
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E. Weinberger, 

ANTWERP, BELGIUM. 

(From the Prins Leopold Institute for Tropical Medicine.) 

The calculation of the average diameter of red blood cells enters 
into the routine of hematologic examinations, due to the consider- 
able importance of the size of these cells in the classification of the 
anemias. For variations in size of the red blood cells in a given 
case, '‘anisocytosis” has been the only word used to e-xpress this 
condition. We propose in this paper the use of new hematologic 
indexes, denoting the quantitative and qualitative value of aniso- 
cjdosis. 




Fig. 2 


Fig. 1. — Graphic illustrating method of calculation. _ , • ■ o 

Fig, 2. — Graphic established on the 2d day of observation of a case of pcrniciou 
anemia during an anisocytio crisis. 


Technique. On a glass slide 2 drops of the blood to be examined are 
mked with 1 drop of 1% brilliant cresyl blue in Ringer solution. A cover 
glass with ground polished edges is used in making film^f this rmxTure, 
which are allowed to dry, and then treated with either Wrights stam or 
that of the May-Grunwald-Giemsa combination. Thus one obtains 
preparations showing clearly the contour and normal size of the reticu o- 
cytes as well as of the erythrocytes. a t 

Calculation. The average diameter of 300 erythrocytes is nmt 
lished, and the results obtained are placed into three g^ups- -‘•be m , 
microcytic, comprise the cells of less than 6 fi. The second here conside 
as normocytic varies from 6 to 8.3 fi, whereas the thud p’oup, 7 . ’ 

includes the cells larger than 8.3 ju. The avpage is thus calcda^ for 
each division by the foUowing method. If m the second group the CTjdhro- 
cytes are measured and their diameters found to be 6.3 fi, ana ji, 
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+ 1.0 -niiTriLpr nf the ervthrocvtes of each is multiplied respectively by 6.3, 
7 2 and 8 2 The sum of these three multiplications is then dmded 
life to?al numS of the erythrocytes pertaimng Jo the secon^ g^oup^ 
The result obtained gives the average diameter of the group, hfom tne 




Fig. 3. — Graphic established on the 5th day of observation of a case of pernicious 
anemia during an anisocytio crisis. 

Fig. 4.— Graphic established on the 12th day of observation of a case of pernicious 
anemia during a microcytic crisis. 


above, it is easy to determine 3 points graphically by inscribing on .the 
abscissa the average diameters of the 3 groups, and on the ordinate, the 
percentages of the red blood cells. In the example graphically demon- 
strated, 15% of the cells belonged to the first group with an average diam- 




Fig. 5.— Graphic established on the 16th day of observation o 
an^ia, i. 4 days after the beginning of the treatment. 

Fig. 6._-Graphic established on the 21st day of observation o 
anemia, %. e., 9 days after the beginning of the treatment. 


a case of pernicious 
a case of pernicious 


aS ?c 5 '^+o''+b?+K ^1 average diameter of 7.4 tx, 

ande^foried^v^Swo ^+ diameter of 9.8 The total 

oFanisnJ^ol-. convergent lines represents the quantitative value 

01 amsocjdosis. By a vertical ime dravm from the suit, this angle is 
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divided into angle P expressing the microcytic variation; and angle G 
denoting the macrocytic variation. The partial angles thus represent the 
qualitative value of anisoc 3 dosis. These various angles^ ma}’- be easily 
represented by their tangents according to the rules of trigonometr 3 ^ 

a difference of the average diameters 7.4 — 4.8 2.G 

Hence: Tg.P = - = — = 0.38. 

b difference of the percentages 8.2 — 1.5 6.7 

By employing trigonometr 3 ’- tables, there is immediately obtained a more 
concrete value, expressed in degrees, in which the Tg. P. 0.38 corresponds 
to an angle P of 21 degrees. In the case represented in Figure 1 the Tg. G 
= 0.30 and the angle G '*7 ''rrr-- Thus the total angle is 38 degrees. 
Needless to sa 3 '-, the ' ■■ ■ ■ ■ : inde.xes is not necessaril}’’ deter- 

mined graphically: the difference between the average diameters of the 
groups (a) and between the percentages of the blood cells (b) are supplied 



Fig. 7.— Graphic established on the 54th day of obsen-ation of a case of pernicious 
anemia at the apparent recovery. 

by the measurements themselves, and the numbering of the 300 er34hro- 
C 3 des. A scheme has been given here onl 3 '- to make the explanation clearer. 
The same indexes (angle P, angle G, and the total angle) ma 3 ’' be estab- 
lished for the reticulocytes. In this case the measurements are made on 
100 reticuloc 3 d;es. The values of these indexes are more outstanding for 
the reticuloc 3 des than for the erythrocytes, in view of the fact that often 
even the angle G becomes obtuse. In this case the tangent is calculated on 
the supplementary angle and its value is negative. 

Application. In order to demonstrate better the usefulness that 
the new anisoc 3 !'tic indexes determine, we add here the example of 
a classical pernicious anemia studied during the crisis on the 2d 
and 5th day of observation (1,720,000 R.B.C., megaloc 3 ’^tosis, 
Plummer Vinson s 3 ’'ndrome) as well as on the 12th day, during a 
microc 3 ''tic crisis which determined the use of the liver extract 
treatment. A response to this treatment was demonstrated as 
early as the 16th and 21st da 3 '-s, while tlie 54th da}^ corresponded 
with complete recover 3 ’’ from the attack (4,800,000 R.B.C.). 

In the case of pernicious anemia that w’^e have chosen as an 
example the figures are very striking. The improvement is mani- 
fested at the same time as (P + G) diminishes on the 16th day, 
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i. e., 4 days after the beginning of the treatment. The recovery is 
complete on the 54th day with a slight angle G for the erythrocytes, 
while the reticulocytes are too rare to allow a determination. 


Table 1- — Anisocytosis Values in a Case of Pernicious Anemia. 


Day. 

Size. 

Micro. 

Normo. 

Macro- 

cytic. 

Tg. P. 

Tg. G. 

Angle P. 

Angie G. 

2d 

Eryth. 

(4.8) 

(7.4) 

(9.8) 

0.38 

0.3 



15% 

82% 

3% 

21° 

170 


Retie. 

(4.5) 

(7.5) 

(9.5) 


-0.71 

52° 



8% 

32% 

60% 

1.26 

145° 

5th 

Eryth. 

(4.6) 

(7.7) 

(9.3) 


0.3 

31° 



17% 

68% 

15% 

0.6 

17° 


Retie. 

(4.4) 

(7.5) 

(9.8) 


1 

40° 

1 

123° 


1 

3% 

41% 

56% 

0.84 

-1.53 

12th 

1 Eryth. 

(4.3) 

(7.2) 

(9.4) 



88° 

31° 

1 

44.5% 

45.6% 

9.6% 

26.00 

0.61 


Retie. 

(4.0) 

(7.5) 

(10.0) 



76° 

123° 



22% 

30% 

48% 

4.1 

-1.38 

16 th 

Eryth. 

(4.4) 

(7.6) 

(9.7) 



27° 



6% 

70% 

24% 

0.5 

0.45 

24° 


Retie. 

(5.4) 

(7.7) 

(9.7) 







3% 

71.4% 

25.6% 

0.33 

0.43 

18° 

23° 

21st 

Eryth. 

(4.8) 

(7.2) 

(9.0) 







19.3% 

71.5% 

9.3% 

0.45 

0.28 

24° 

16° 


Retie. 

(5.0) 

(6.9) 

(9.2) 







8% 

76% 

16% 

0.27 

0.38 

15° 

21° 

54th 

Eryth. 

0 

(7.7) 

(9.2) 








85% 

15% 

. 0 

0.21 

0° 

12° 


The numbers in parentheses above the numbers indicating the percentages express 
the average diameters of the three groups. 


The quantitative value of the anisocytosis is expressed by the total of the angles 
P and G. 

2d day. 5th day. 12th day. 16th day. 21at day. 54th day. 
Erythrocytes ' . . 38° 48° 119° 51° 40° 12° 

Retictilocytes . . 197° 163° 199° 41° 36° 0° 


Summary. 1. Three new hematologic indexes are introduced 
which by the simple calculation of the diameters of the blood cells 
and the recording of the latter in three groups according to their 
size, allow a numerical value to be given to anisocytosis. 

The tangents P and G and the angles P and G demonstrate the 
qualitative value (micro- and macrocytic) of anisocytosis. The 
sum of the tangents or angles P and G represent the quantitative 
value of the same. The latter index goes down at the same time 
as anisocytosis lessens and approaches 0° in the normal blood. 

2. The same indexes may be established on 100 reticulocytes. 
These obtained are still more outstanding than those for the eryth- 
rocj’les. 
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,THE INHIBITING EFFECT OF SNAKE BLOODS UPON THE 
HEMORRHAGIC ACTION OF VIPER VENOMS ON MICE, 

By Sajitjel Rosenfeld, M.D., 

adjunct attending physician, depahtment of siedicine; assistant hematolo- 
gist, DmSION OF HEStATOLOGY, 

AND 

Sanfoed Glass, 

BnOOKLY-N, N. Y . 

(From the Department of Laboratories, Di\’ision of Hematologj% Dr. M. Lcderer, 
Director, of the Jewish Hospital of Brooklyn.) 

Peevious investigators have established the fact that venomous 
snakes are not susceptible to large amounts of their own or closely 
related venoms. This observation led to the inquiry as to whether 
any protection was afforded by snake blood against the action of 
snake- venom. It was ascertained by direct experimentation that 
snake blood itself when injected into a warm-blooded animal was 
toxic, causing death after a period of increasing weakness terminat- 
ing with convulsions. This finding confirmed the work of previous 
writers.^’^’^®'^ These experiments, however, have led to the addi- 
tional observation of a phenomenon, which it is believed has not as 
yet been described. It consists in the inhibition of the hemorrhage- 
producing action of pit-viper venoms, when a mix-ture of the latter 
and snake blood is injected. 

Methods. The animals used were white mice weighing approximately 
15 gm. each. The venoms used were those from rattlesnake (crotalus 
adamanteus), cotton-mouth moccasin (agkislrodon piscivorus), and fer de 
lance (jbothrops atrox). Rattlesnake A^enom (the ricliest in hemorrhagin 
factor) was extracted at the laboratorj’’ from several snakes and pooled. 
It was dried immediatelj'- and used only on the same day as dissolved. 
The concentration of the A^enom dissoh’-ed in physiologic saline was 1/1000 
(1 mg. of venom in 1 cc. of saline).. The A^enoms of the moccasin and fer 
de lance were procured from snake farms in a drj^ form, and used on the 
same day as dissolved. The blood of snakes Avas obtained by decapitation 
and aUoAAing the blood to run into a beaker. The bloods of the rattlesnake 
and of the non-A’'enomous king snake Qampropeltis getulus gelulm) were used. 
In the case of the rattlesnake, the mouth AA'as first taped with adhesive 
plaster to exclude the possibility of anj'- admixture of A^enom Aidth the blood. 
■VlTiere plasma was used, the blood was mixed AAith 3.8% sodium citrate, 
1 part to 9 parts of blood; where serum was employed, the blood was de- 
fibrinated bj'^ shaking with glass beads. In both instances, the blood cells 
were discarded after separation by centrifugalization. Plasma and serum 
while standing were kept in refrigeration. Some of the bloods were dried 
as soon as obtained by freezing-high vacuum apparatus; and when ready 
for use, dissolved in physiologic saline in the same volume as the ori^nal 
bloods. 

Due to significant Amriations in the individual resistance of mice 
toward rattlesnake Amnom, a definite minimal lethal dose could not 
be established; however, 0.25 mg. of the Amnom injected subcutane- 
ously was found to be close to a lethal dose for mice in 1 to 2 hours. 
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Rapid lethal action was insured by the subcutaneous injection of 
0.5 mg. Autopsies were performed by stripping the skin i^om tne 
trunk and by opening the peritoneal cavity, and observing the depee 
of hemorrhage. All mice injected subcutaneously with venom alone 
showed intense and extensive hemorrhage throughout the subcutane- 
ous tissues, while those injected intraperitoneaUy with venom ex- 
hibited the same intense hemorrhagic reaction in the serosa. The 
degrees of hemorrhage found in the tabulated experiments are 
indicated by the following symbols: 

= very widespread hemorrhage 
+-}-+ = much less extensive hemorrhage 

— [■ = moderate hemorrhage (about 2 sq. cm. in area) 

-1- = slight hemorrhage 

0 = no hemorrhage or minute hemorrhage at siteof needle puncture 

Experiments. The first experiments showed that both the blood 
of the king snake (a non-venomous snake) and the blood of the rattler 
snake are toxic. Certain lethal dosages in both cases are 1 cc. when 
injected subcutaneously and 0.25 cc. when injected intraperitoneaUy, 
King snake plasma is the more toxic of the two, requiring smaller 
doses to produce death. Even when heated at 56° C. for | hour these 
bloods retain a great portion of their toxicity. Autopsies upon mice 
so injected revealed an absence of hemorrhages, thereby differing 
from those autopsied after an injection of venom alone. 

Varying amounts of king snake and rattlesnake bloods individually 
were mixed with rattlesnake venom and injected, subcutaneously and 
intraperitoneaUy. In all the mice so injected, death resulted and 
autopsy showed that there was either an absence, or slight to mod- 
erate degree of hemorrhage, whereas those injected with venom' alone 
displayed an intense and very widespread hemorrhagic reaction. 

It was further noted that the age of the blood (i e., the time that 
it has been kept outside the body) played an important role in the 
degree of inhibition of the hemorrhagic factor of the venom. The 
blood was much more effective in its control of hemorrhages when 
it was allowed to stand 24 to 48 hours before using. Blood 2 days 
old was more protective against hemorrhage from venom than that 
1 day old. Fresh blood and old blood (more than 4 days old) had 
a considerable lesser anti-hemorrhagic effect. Fresh plasma and 
serum, dried at once by freezing-high vacuum apparatus and then 
dissolved, after a few weeks, in saline in the same proportion as the 
original plasma or serum, appeared to retain its anti-hemorrhagic 
property, unless kept standing in solution for more than 2 days. 
Both heated king snake and rattlesnake bloods (heated to 56° C. 
for 2 hour) still possessed most of their protective properties against 
the hemorrhagic action of rattlesnake venom. It must be borne in 
i^d that the bloods of individual snakes vary as to their physiologic 
effects. Some are more toxic than others; and some appear to have 
more of an anti-hemorrhagic factor. The presence of a lesser amount 
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of this anti-hemorrhagic factor in some snake bloods may account 
for some apparently conflicting results. It may safely be assumed, 
however, that all of these bloods have some protection against the 
hemorrhages produced by venoms. The variation is minimal when 
2-day-old blood is used. Table 1 summarizes these results. 

The blood and venom need not necessarily be injected together. 
It was found when venom was injected within ojie hour after the 
administration of plasma or serum that there was still inhibition of 
hemorrhages, but to a lesser degree. 

The anti-hemorrhagic factor of rattlesnake blood is active not 
only against rattlesnake venom but also operates against the hemor- 
rhagic action of other venoms, those of the moccasin and the fer de 
lance (Table 2). 

The anti-hemorrhagic principle present in snake blood was not 
found in the sera of various warm-blooded animals (Table 3). 

Comment. These experiments show that snake blood inhibits 
the hemorrhagic action of snake venom, without affecting the lethal 
factor. A^fliether the resultant death is caused by tlie to.xins of the 
venom other than hemorrhagin, or by the toxic action of the snake 
blood, or by the combination of the two, has as yet not been deter- 
mined. PhisalLx and Bertrand^-^*’ believed that death was produced 
by the toxic substances in snake blood, which e.xisted side-by-side 
with antitoxms. They stated tliat by heating the blood to 58° C. 
for 15 minutes these toxins were destroyed, but the antitoxic activity 
was preserved. However, the experiments showed that heated snake 
blood (56° C. for 30 minutes) retained its toxicity, contrary to the 
findings of Phisalix and Bertrand. It is possible that a complete 
neutralization may have occurred and that the resultant death was 
mainly caused by the toxins of snake blood. 

The action of snake blood is quite different from immune serum 
containing antivenin. Antivenin,* a true antitoxin, protects not 
only against the hemorrhagin of snake venom but also against the 
deatli of the animal. One might suspect that the hemorrhage- 
protecting power of snake blood in these e.xperiments could be ex- 
plained by the presence of specific antibodies prevailing in the blood 
stream, with death the result of tlie toxic action of foreign blood 
proteins. However, the following points seem to indicate that this 
phenomenon is not that of a specific antibody reaction, but rather 
the result of a non-specific neutralization of venom hemorrhagins: 

1. Since auto-antibodies have been observed only under very 
exceptional conditions (as in paroxj^smal hemoglobinuria), it is 
very doubtful that the anti-hemorrhagic eft'ect of rattlesnake serum 
against its own and homologous venoms is due to a specific antibody. 

2. Immune sera (antivenins) against snake venoms are specific 
for the venoms for which they have been prepared; whereas, as far 

* The antivenin, a poly^'^alent serum, for nearctio Crotalidie was obtained through 
the courtesy of Mulford Biological Laboratories, Philadelphia, Pa. 
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Table 1— The Results op Injections op Venom Alone and the Injections of 
Mixtubes op Venom and Snake Blood. 




Crotalus 




* 

Type of snake blood. 

^mt., 

cc. 

adaman- 

teus 

venom, 

Admin. 

Time of 
death. 

Degree of 
hem. 

Remarks. 



nig. 





0 

0 

i 

i 

X 


20'-l hr. 

+ + + + 

Control 

0 

P 

15' 

+ + + + 

Control 


0 

s 

1-2 hrs. 

+ + + + 

Control 

0 

0 

i 

8 

Lived 

Control 

Fresh R.S.S 

Fresh R.S.P 

Fresh R.S.S 

m 



9 

+ + + + 
-f-t- + + 
some -p-p 
some -4- + + 


Fresh R.S.P 


h 

S 

5-3 hr. 

some + 
some 4“}" + 

Blood with- 
drawn from 

Fresh R.S.S. .... 



8 

l-2i hr. 

some -p 
some -p + 

Fresh R.S.P 

i 


8 

6 hr. 

some -p 

heart showed 




some -p-p 

no hemolysis 

1-day-old R.S.P. . 

iV 

i 

8 

25 hr. 

+ + 


1-day-old R.S.P. . . . 

i 

h 

6 

J-2i hr. 

sev. 0 
oco. -p-p 


1-dav-old R.S.S. . 

i 

i 

S 

Uhr. 

0 


1-day-old R.S.P. . . . 



s 

11 hr. 

0 


1-day-oId K.S.P. . 

i 

i 

p 

20' 

0 

Venom inject- 

l-day-old K.S.P. . 

i 

i 

8 

i hr. 

0 

ed i hr. after 

1-day-old K.S.P. . . 

1 

i 

6 

li hr. 

0 

plasma. 

l-day-old R.S.P. . 


i 

S 

2§ hr. 

+ 


l-day-old R.S.P. . 


I 

8 

1 hr. 

+ 


1-day-oid R.S.P. . . 

i 

i 

S 

J-1 hr. 

0 


l-day-old R.S.P. . 

i 

i 

S 

1 hr. 

0 ' 


2-day-old R.S.P. , . . 

iV 

i 

8 

^-1 hr. 

some + 
some 4*4“ 


2-day-olcl K.b.P. . , • 

I 

« 

i 

S 

1-2 hr. 

most 0 

QCC. -p 


2-day-old R.S.P. . 


i 

p 

1-6 hr. 

most 0 
oco. -p 


2-day-old R.S.P. . 

i 

i 

8 

i-U hr. 

0 


2-day-old K.b.P. . 

i 

i 

p 

i hr. 

0 


2-day-old K.S.P. . . . 

2-day-oldheated K.S.P. . 

i 

i 

8 

1-4 hr. 

most 0 or -p 
00c. -p-p 


i 

i 

S 

lJ-5 hr. 

most 0 


2-day-old heated K.S.P. . 

i 

X 

3 

p 

1 hr. 

occ. -p 

0 


3-day-old R.S.P. . 

2V 

I 

s 

2 hr. 

0 


3-day-oId R.S.P. . 


i 

s 

Lived 


3.day-old R.S.P. . . . 

1 

i 

s 

^-6 hr. 

0 


3-day-oId R.S.P. . 

i 

i 

8 

3 hr. 

0 

* 

4-day-old heated R.S.P. . 

i 

i 

8 

Bffll ■■ 

4- 


6-day-old R.S.S. . 

i 

i 





9-day-old heated K.S.P, . 

i 

i 

5 

iQuS 

-P + + 


Freshly dried R.S.S. . 
Freshly dried R.S.S. . 
Freshly dried R.S.P. 

■ 


S 

8 

8 

li hr. 

1 hr. 

15' 

+ + 

0 

0 

Used same day 
as dissolved. 

Freshly dried R.S.S. . . 

Freshly dried R.S.P. 

1 

4 

1 

4 

X 

3 

i 

S 

S 

2ihr. 

20' 

4“ 

4- 

Used 1 day after 
dissolved 

Freshly dried R.S.S, . 
Freshly dried R.S.P. 

i 

X 

4 

i 

s 

s 

i hr. 

40' 

4“ 4- 
++ 

Used 4 days 
after dissolved 


All heated bloods were heated to 56° C. for i hour 
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as our findings go, snake sera protect against tlie hemorrhagic action 
of heterologous venoms. This observation can be reconciled with 
the assumption of specificity only by postulating a multiplicity of 
antitoxins in snake sera. 


Table 2.— The Pkotective Action op Rattlesnake Plasma (R.S.P.) Against 
THE Hemorrhagic Action op Other Viper Venoms. 


Venom Degree of 

Amount of R.S.P. Venom used. in mg. hcmorrh!igc. 

0 Botlirops atrox i + + + + 

0 Agkistrodon piscivorus . ^ + + + + 

i cc. (2-day-old) Bothrops atrox h 0 

i cc. (2-day-old) Agkistrodon piscivorus . ... I 0 


Plasma and venom mixed immediately before subcutaneous injection. 

All mice were killed and autopsied after 1 hour and 45 minutes. 

3. Fresh snake plasma or serum is not as effective in its inhibition 
of hemorrhagic activity as is blood aged from 1 to 4 days, and rapidly 
loses this power. This would be an unusual finding for a specific 
antibody, although it does not exclude it. 


Table 3. — The Lack op Protective Power of Various Bloods of Warm- 


blooded Animals Against the Hemorrhagic Action of Rattlesnake 


Type of blood and amount in cc. 
Rabbit serum (2-day-old) 

Fresh human plasma . 

Human plasma (3-day-old) 
Guinea pig serum (1-day-old) 
Horse serum (age unknown) . 


Venom. 

Crotalus 

adamantcus 

venom, 

mg. 


i i 

I i 


Time of 
death, hrs. 


n 

13 - 

13 

1 


Mixtures of blood and venom injected subcutaneously in mice. 


Degree of 
hemorrhage. 

+ + + + 
+ + + + 
+ + + + 
** 1 ^ 

+ + + + 


Conclusions. 1. King snake and rattlesnake bloods protect against 
the hemorrhagic action of viper venoms, but do not prevent death. 

2. The time that the snake blood has been kept outside the body 
plays an important role in its power to inhibit the hemorrhages 
caused by viper venoms. 

3. The bloods of mammals are not protective against the hemor- 
rhagic action of rattlesnake venom. 

4. Evidence is cited supporting the idea that the action of snake 
blood in protecting against the hemorrhages produced by viper 
venoms is not identical to that afforded by antitoxin (antivenin). 

5. The toxic and anti-hemorrhagic properties of snake blood are 
thermostabile, retaining them after heating to 56° C. for | hour. 

6. Blood, both from venomous and non-venomous snakes, is 
toxic; but the resultant death, unlike that produced by viper 
venoms is not accompanied by hemorrhages, 
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THE SIGNIFICANCE OF THE OXIDATION OF SULPHANILAMIDE 

DURING THERAPY.* * * § 


By Charles L. Fox, Jr., M.D., 

FELLOW OF THE DAZIAN FOUNDATION FOK MEDICAL BBSEABCH, 

NEW YORK CITY. 

(From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University.) 


The detection of metlieinoglobin in th.e blood of patients treated 
with sulphanilamidei'2'7-“'i2.i8-i9'26 provides an important clue to 
the possible mechanism of action of the drug.^^ Since this abnormal 
pigment is formed from hemoglobin only by the action of strong 
oxidizing agents,® the opinion seems warranted that a rather power- 
ful oxidizing agent is present during therapy. Sulphanilamide 
itself is not an oxidant and does not form methemoglobin outside 
the body.f It follows, therefore, that administration of the drug 
is accompanied by the constant formation of some substance capable 
of oxidizing hemoglobin to methemoglobin. 

The problem; then, is whether such a substance can be formed 
from sulphanilamide. This may readily be accomplished^® by 
exposing the drugj to the rays of an ordinary ultraviolet lamp in 
the presence of oxygen. Oxidation of sulphanilamide occurs in a 
minute or two,‘® The resulting violet blue solution, which probably 
contains several products, oxidizes hemoglobin to methemoglobin 
instantly,^' During this second oxidation, the blue oxidizing solu- 
tion turns brown. It is obviously important to know whether 
this brown pigment exists in sulphanilamide-treated patients' 
blood, indicating the occurrence in vivo of these oxidations. Evi- 
dence on this point has been difficult to obtain. However, by using 
the Hardy recording spectrophotometer § at the Massachusetts 
Institute of Technology, we have shown that the blood of these 
patients contains a colored substance with spectral characteristics 
similar to those of the brown pigment formed when the blue photo- 
oxidation product oxidizes hemoglobin to methemoglobin in vitro?^ 

Additional evidence for the in vivo oxidation of sulphanilamide 
has come recently from Rosenthal's^’ observation that 1 to 3% of 
an oxidation product of the drug appears in the urine of sulphanil- 
amide-treated patients. 

Experimentally, there are many observations which indicate 
that when bacterial growth is suppressed by sulphanilamide, the 


* Read at the Third International Congress for Microbiology, September 4, 1939. 

t Unpublished experiments. 

t The sulphanilamide is dissolved in water or dilute buffer (pH 7.3) in the optimal 
therapeutic concentration 10 mg. per 100 cc. or 1 to 10,000 and exposed in a thin 
layer in an open vessel. 


§ Designed by A. C. Hardy,^® this accurate, automatic machine utilizing 
photoelectric cells draws a smooth cim^e of the light transmitted through a sample 
irom 4UU to /OOju. ' 
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drug itself is oxidized. Comparative studies of the growth of viru- 
lent 0 hemolytic streptococci in the presence and absence of sulph- 
anilamide were made with Janeway. Chart 1 (Chandler and 
Janeway^) shows growth curves, with plate counts taken at 2-hour 
intervals, of cultures of 0 hemolytic streptococci with and without 
10 mg. per 100 cc. sulphanilamide. It is striking tliat during the first 
4 or 5 hours of growth, the sulphanilamide culture grows equally with 
the control. In other words, although the drug is in solution and 
is readily diffusible, no bacteriostasis occurs until the bacteria are in 



Chart 1.— Effect of Sulphanilamide on GRO-\rni or He.mol^tic Streptococci 

IN Vitro. 

"Ordinate — logarithm of number of bacteria present. Abscissa — time in hours. 
Broken line represents medium with 10 mg. per 100 cc. sulphanilamide, solid line 
represents control medium without sulphanilamide. No bacteriostasis manifest 
during first 4 to 6 hours until logarithmic phase. Larger inocula give less or no 
bacteriostasis. 


the logarithmic phase of rapid growth. If the assumption be made 
that the bacteria oxidize the drug to the potent oxidant, tlien by 
analogy with Dubos’ experiments,®^ vigorous oxidation would pro- 
ceed only after the bacteria had entered the logarithmic phase of 
growth. That this actually occurs is fairly clear. Using bright 
platinum electrodes and a potentiometer, Warren®^ and the writer 
working independently^^ found an elevated oxidizing electrode 
potential in hemolytic streptococcus cultures containing sulphanil- 
amide during the logarithmic period (Chart 2.4). This elevation 
was maintained in cultures containing the drug, whereas in control 
cultures the usual reducing conditions marked by falling potentials 

* Some experiments reported in Ref. 14, others to be published with Janeway. 
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Drevailed.3’1® These results suggested the formation of an oxidant 
in the sulphanilamide media. Furthermore, since oxidation ot 
sulphanilamide to a strong oxidant requires the participation of 
oxi^gen,!' removal of oxygen at the beginning of the experiment 
should prevent this chemical change and coincidentally, prevent 
bacteriostasis. This is in fact the case. With six strains of Group A 
hemolytic streptococci if removal of oxygen and reduction are 
complete before inoculation,* bacteriostasis by sulphanilamide is 

prevented.! , „ , 

The assumption that oxidizing conditions are necessary lor bac- 
teriostasis is further supported by the low threshold of inoculum 
size. While increasing sulphanilamide effect with decreasing inocula 
is a predictable occurrence (as Chart 1 shows), when the .relatively 
low inoculum limit of 100,000 organisms per cc. is exceeded no bac- 
teriostasis can be detected, even with a large excess of sulphanila- 
mide. Potentiometric comparison (Chart 2jB) of the electrode be- 
havior of small and large inocula shows that whereas the small 
inoculum permits longer maintenance of the elevated oxidizing 
potential, the large inoculum rapidly establishes reducing condi- 
tions inimical to oxidative reactions and oxidants.^^ In other words, 
there seem to be two antagonistic reactions: (a) the creation from 
sulphanilamide of an oxidant and its successful functioning; (&) 
the establishment of reducing conditions in the media by the meta- 
bolic activity of the bacteria. As the size of the inoculum is increased, 
reducing conditions prevail sooner and either greatly inhibit the 
oxidation of sulphanilamide or interfere with the oxidation reactions 
of the newly formed oxidant. Accordingly, it is evident that bac- 
teriostasis can occur only when oxidizing conditions prevail over 
reducing conditions. 

A parallel may be drawn from the clinical experience that sulph- 
anilamide rapidly controls cases of septicemia, infections which 
take place in a well oxj^genated environment, whereas it fails to 
show much effect against infections with similar organisms in closed 
cavities or abscesses where oxygen lack and intense reducing con- 
ditions prevail. Other factors may also play a role as Lockwood 
has pointed out.^^ 

If this view is correct, it ought to be possible to augment the 
effect of the drug by favoring oxidation and by preventing reduc- 
tion. As a matter of fact, simple aeration of the culture by agitation 
augments bacteriostasis. The next logical step is to preform an 

* Technically this object cannot be accomplished by using the various tjTDes of 
lydrogen anaerobic jars, which will remove oxygen in the superambient atmosphere ' 
of the jar but fail to effect reduction of the media and bring about complete removal 
of oxygen before an 5 ’- sulphanilamide has been oxidized. Types 1 6 14 18 and 

0-01% dextrose infusion ’broth or 
20% horse serum neopptone water. In the former, medium spontaneous reduction 
under vaseline sufficed: m the latter, it was necessarjr to add 0.1% neutralized 
cystemeH for complete reduction of the methylene blue oxygen indicator. 

t Some experiments reported in Ref. 14. others to be published with Janeway. 
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Chaht 2.— Changes in the Electhode Potential of Cultotes of Hemolttic 
Stbeptococci Resulting Fhom Action of Sulphanilamide. 

Upper curves show electrode potential variations in control and sulphanilamide 
containing cultures. Lower curves show growth rate of these cultures. Electrode 
potential in sulphanilamide containing culture elevated during bacteriostasis while 
potential of control fell. When the sulphanilamide containing cultures finally grew 
out (Chart 2B) then the potential there also fell. Rapid fall of electrode potential 
in culture with large inoculum; delayed fall with small inoculum. 

( 490 ) 
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oxidant from the drug before use. This has been accomplished 
by Drs. Rosenthal and Bauer in Washington who very kindly 
supplied me with a sample. The first oxidation product of sulph- 
anilamide is 4-hydroxylamino benzene sulphonamide, an unstable 
compound formed by introducing an atom of oxygen into the amino 
group without loss of hydrogen.* Like the photoxidation product! 


H— N— H 

H— N— OH 

/\ 



/ \ 




1 

+ 0 — j 

\ y 

1 

k y 

\/ 


\/ 

SOjNHj 

SO2NH2 


of sulphanilamide, this sample of hydroxylamino sulphonamide 
oxidizes hemoglobin to methemoglobin and inactivates catalase. 
Hydroxylamino sulphonamide accomplishes immediate bacterio- 
stasis, thereby completely eliminating the previously despribed 
initial growth period (Table 1). Furthermore, it gives more pro- 
longed bacteriostasis possibly because there is more of the oxidant. 


Table 1,— Bacteriostasis With 4-Hy»rox:ylamino Sulphonamide. 

Bacterial counts — colonies in thousands per cc. 


Initial 


Interval. 

inoculum. 

Sirs. 

4 hrs. 

6 hrs. 

8} hrs. 

IS hrs. 

Control 

. 86 

340 

5700 


350,000 

+ + + -1- 

Sulphanilamide* 

Hydroxylamino 

. 86 

440 

5450 

• • 

32.500 

+ + + + 

sulphonamide* 

. 86 

117 

1000 


25,000 

+ + + + 

Control 

. 15 

150 

1000 

26,000 

86,000 

+ + + + 

Sulphanilamide* 

Hydroxylamino 

15 

140 

1300 

6,000 

21,000 

1 

+ + + + 

sulphonamide* 

. 15 

7 

100 

100 

1,000 

+ + + + 


* 10 mg. per 100 cc. in 0.1% dextrose beef heart broth. Strain: Group A hemo- 
lytic streptococcus H (Gay). Medium: 0.1% dextrose beef heart broth. 


Recently, utilizing empyema fluid drawn and maintained under 
seal, it has been possible to demonstrate the marked bacteriostatic 
action of 4-hydroxylamino benzene sulphonamide in this physio- 
logical reducing anffirobic environment where both sulphanilamide 
and sulphapyridine failed to elicit any bacteriostatic action. 

At this point several questions arise. Has an oxidation product 
o suljmanilamide, or a diminution of sulphanilamide concentration, 
detected chemically in cultures? (See addendum.) Special 
methods would be needed to detect hydrox>damino-sulphonamide 
under such conditions (see addendum). This substance is vei^^ 


hvSrn^pn ^ radical by loss of an electron or loss of 

t TMs WnLmT't unstable, powerful oxidizinjg agent. 

nnU ^ product has not been shown to be bacteriostatic probably because it is 
ormed only m dilute solution and is rapidly reduced when added to media » 
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unstable and it is unlikely that significant amounts of it could be 
present at any one time. Furthermore, estimations by the Marshall 
method-^ do not distinguish between sulphanilamide and the oxidant. 
The characteristic lability that interferes with the demonstration of 
such a substance during therapy may, however, be a very valuable 
attribute. Thus, instability of the oxidant might provide for a gentle 
throttling of bacteria rather than wholesale slaughter of both host 
cells and hostile cells. It might produce fractional rather than total 
methemoglobinemia. 

The transitory existence and rapid destruction of such a substance 
in the test tube is supported by the following facts (a) sulphanila- 
mide containing media in which bacteriostasis has occurred and in 



Chaet 3.— Alteration op Hemolytic Streptococci Caused by Sulphanilamide 

Reversed by Washing. 

Bacteria previously grouTi in media containing sulphanilamide show prompt 
bacteriostasis on subculture in sulphanilamide containing media (broken line). 
Washing reduces this effect, and subculture in sulphanilamide-free media (solid line) 
shows no bacteriostasis at all. 


which the oxidant is presumably present, when freed of their bac- 
teria, are no more bacteriostatic than fresh sulphanilamide media; 
(5) an inoculum composed of bacteria obtained from such sulphanil- 
amide containing media during bacteriostasis, on subculture in 
fresh sulphanilamide media responds at once to the drug without 
the usual initial growth period; but (c) on subculture in sulphanila- 
mide-free media, such bacteria grow entirely normally, showing no 
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sign of their erstwhile disability. On the other hand (d), if sulphanil- 
amide-grown organisms are washed, they behave like ordinary 
bacteria in fresh sulphanilamide media, indicating at best only a 
loose binding between bacteria and the oxidant. Apparently this 
oxidation proceeds along with the normal bacterial metabolic 
oxidations at the surface of the bacteria, so that the oxidant formed 
may survive only long enough to function. The bacteria grown in 
sulphanilamide-containing media are reversibly altered and this 
reversal is prevented only by the continued action of sulphanilamide, 
which would seem to keep the reaction going to the right against 
a tendency toward reversal to the left (see Chart 3). 

It is also of considerable importance that certain tissues aerobic- 
ally induce the conversion of sulphanilamide to a methemoglobin- 
producing oxidant, as shown recently by Harris^'^ with surviving 
liver or kidney tissue in vitro (see addendum). It should be empha- 
sized that only a particular oxidation of sulphanilamide is effective: 
that in which the product formed is itself an oxidizing agent. This 
means that inactive sulphanilamide is transformed into a highly 
active agent by chemical legerdemain. If human tissues can trans- 
form sulphanilamide into the effective agent in the absence of infec- 
tion, a rational basis exists for the use of sulphanilamide to forestall 
streptococcal infections as described by Coburn.® 

Now of what use is an oxidant?* How may an oxidant inhibit 
bacterial propagation? These questions were answered long before 
the advent of sulphanilamide. Dubos clearly showed that oxidized 
substances inhibited growth and that reduction of these same sub- 
stances favored growth.®® Tildes demonstrated that the same con- 
ditions governed the growth of anaerobes,^^ and Kligler and Guggen- 
heim induced anaerobes to grow in the presence of oxygen by 
lowering the potential of the media.®i Schmelkes,®® and later 
Clark,® showed that the usual inhibitory halogen oxidizing com- 
pounds, even in large quantities, were ineffective provided the usual 
electrode potential of the bacterial cells was not elevated. The 
mechanisms involved have been elucidated by the studies of Clark 
and Hellerman®®'®® on isolated systems: enzymes such as papain, 
cathepsin and urease, and bacterial toxins and hemolysins are re- 
versibly inactivated by oxidants and may be reactivated by reduct- 
ants. The application of these facts to the present problem is that 
sulphanilamide bacteriostasis may rest upon the production of oxi- 
dizing conditions which serve to inactivate enzymes and inhibit 
bacterial growth; that sulphanilamide bacteriostasis is nullified by 
reducmg conditions which reactivate enzjunes and favor bacterial 
growth. 


* Discussion by author at Am. Med. Assn 
Pharmacy and Therapeutics (to be pubUshed). 


meeting, May, 1939, section on 
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Summary and Conclusions. The conclusion that sulphanilamide is 
oxidized during therapy is supported by these observations: 

1. Complete, initial deprivation of 0> interferes with bacterio- 
stasis. 

2. Increased oxj'gen availability magnifies bacteriostasis. 

3. Reducing agents and large inocula, which rapidly reduce the 
potential, obliterate bacteriostasis despite excess of sulphanilamide. 

4. The use of a preformed oxidant derived from sulphanilamide, 
4-hydroxjdamino sulphonamide,* eliminates the usual initial grovdh 
period before bacteriostasis appears and gives a more prolonged 
effect than sulphanilamide. 

5. The occurrence of methemoglobinemia during therapy and the 
occurrence of an oxidation product* of sulphanilamide in the urine 
of treated patients confirm tlie view that an oxidant is produced in 
the blood or tissues of the patient. 

* Addendum. This has since been similarly detected in a sulplmnilamidc-containing 
bacterial culture, in the product formed by ultraviolet irradiation of sulphanilamide 
and in the methemoglobin-forming oxidant produced by surviving liver and kidney 
tissue oxidation of sulphanilamide. The product of ultra-violet irradiation is signifi- 
cantly different from these in giving a positive Rosenthal test after treatment with 
alkali. Alkali decomposes 4-hydroxylamino sulphonamide which subsequently fails 
to show this test. A detailed report will be published separately on this point. 

The waiter wishes to express his gratitude to Dr. Hans Zinsser, of the Harvard 
Medical School, and to Prof. George S. Forbes, of the Harvard Chemical Laboratory, 
for their hospitality and encouragement while this work was in progress in their 
laboratories. To Drs. Reuben Ottenberg and Charles A. Janeway are due thanks 
for invaluable criticism and suggestions. 
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SCARLET FEVER THERAPY. 


A Comparison op Convalescent Serum and Sulphanilamide. 

By Max Fox, M.D., 

ABSOCtATE CLINICAL PROFESSOR OF, MEDICINE, MARQUETTE UNIVERSITY MEDICAL 

SCHOOL, 

AND 

INiAURICE Hardgrove, M.D-, 

director, MIL-WAUKEE convalescent SERUM CENTER, COLUMBIA HOSPITAL; CLINICAL 
INSTRUCTOR OF MEDICINE AND PATHOLOGY, MARQUETTE UNIVERSITY 
MEDICAL SCHOOL, MILWAUKEE, WIS. 

(From the Milwaukee City Health Department (South View Hospital) and the 
Milwaukee Convalescent Serum Center (Columbia Hospital).) 


The object of this study is an attempt to compare the results 
following the use of hiunan convalescent scarlet fever serum in the 
treatment of scarlet fever with those f ollowing the use of sulphanila- 
mide. We have found, as have others, that when convalescent 
scarlet fever serum is given early in the disease in adequate amounts, 
there is an apparent decrease in the mortality rate, as well as a 
reduction in the complications. As a rule, all the symptoms im- 
prove, and there is a reduction in the length of time until the 
temperature reaches normal.® 

Recently, the value of sulphanilamide in the treatment of scarlet 
fever has been studied by Wesselhoeft and Smith,“ Peters and 
Harvard,® Schwentker and Waghelstein,^^ Sako, Dwan and Platou,^® 
Hoyne and Bailey,® Hogarth,^ Place,® and Strom.^ 

We have studied 300 hospital cases of scarlet fever, divided into 
groups of 100 each. The first group (A) received non-specific ther- 
apy and general care. The case types were ordinary in character 
and would be classified as mild. The cases in the second group (B) 
were mild or moderately ill and were given neoprontosil (Winthrop- 
Brand of Azosulfamide, Disodium 4-sulfamide-phenyl-2-azo-7- 
acetylamino-l-hydroxjmaphthalene 3, 6-disulfonate). Patients in 
the third group (C) which were selected for convalescent serum 
therapy were moderately or severely ill. In each group the cases 
were divided into 5-year age periods up to the age of 20. All 
cases occurred during the same period of time, January, February, 
March and April of 1939. All were attended by the same profes- 
sional personnel. 


Method. Patients under 5 years of age were given 10 gr. of neoprontosil 
twnce da^ for 3 da 3 fs. The -following 4 days they were given 10 gr. once 
dailjL Prom the 16th to the 23d day, 10 grains again were given daily. 
I hose over 5 years of age were given 10 gr. 3 times daily for the first 3 days. 
The next 4 days 10 gp tmce a day. Prom the 16th to the 23d day, they 
were given 10 gr. tmce daily. The medication w^as given 1 hour before 
meals, and wp accompamed by soda bicarbonate. The second course of 
neoprontosil, bepnmng on the 16th daj'-, was given to cover the third week 
complications w'luch are apt to occur. The method of preparing and using 
convalescent scarlet fever serum has been described in a previous article.^ 
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The control cases were admitted to the hospital somewhat 
later than were the cases in the other groups (see chart). In 
the serum-treated cases the temperature reached normal in a 
shorter lengtli of time (1.7 days) than in the control (2.S days). 


Table 1.— Comparison of Neoprontosil and Goni'alescent Scarlet Fever 
Serum in the Treatment of Scarlet Fever. 


A. Control (mild). B. Scrum (mod. and severe), 


Ages. 


0- ' 5- 10- 15- 
5. j 10. 15. 20. 


Ort q. 0- , 5- 10— 15- 0- 
5. . 10. 1 15. 20. 


T. 


C. Neoprontosil (mod.). 


20 . 


Number of cases . . 18 ; 56 18 3 ! 5 100 7 i 32 ' 15 ■ 14 32 100 


12 


41 17 


24 


100 


Mean day of disease on 
admission . . . 


3 ' 4 3,7 3.3 5.5 3.9 2 U.G' 3 ' 3 3 3.1 


2.S 2.912.2 


2.0 


3.3 


Mean duration of py- ; 
rexia after admission 3 . 3 ' 2 . 5 


3 1.01,2 2.3 2.5: 2 11.2 1.1 1.5 


1.7 


3.S!4.5i2.9 


2.3 


3.3 


Ccn’ical adenitis ..093 


18 15 ] 


4 0 .. 


14 


Otitis media ... 4,5 3 .. | 


12 2 8 I 1 Um •• 5 1 


1 1 


Peritonsillar abscess . . . ' 1 


1 .. 1 .. 1 1 .. .. 1 


"Arthritis” (sj-noutis) 


I Ij... 2' 1 


1 2 


1 2 


Nephritis . . . 


1 ' .. 


Cellulitis or extremity ' 
infections ... 14 


5 1 i 2 j .. .. 1 


Recrudescence . , .. i 1 


I I 


i .. I 


Cases haring 1 or more I 
comp, or recrudes- , 
cence .... 8 1 22 3 


33 2 


10 1 4 ! 2 2 

I ; ' 


20 


32 


It took longer for the patients’ temperature to reach normal in the. 
neoprontosil cases (3.3 days). A large number of cases between 
the ages of 5 and 10 occurred in each group. Cervical adenitis 
occurred 18 times in the control group, 8 times in the serum-treated 
group, and 14 times in the neoprontosil group. Otitis media oc- 
curred 12 times in the control group, 11 times in the serum group, 
and 8 times in the neoprontosil group. Peritonsillar abscess devel- 
oped in 1 case of each group. Nephritis occurred once in the serum 
group, and was found in 2 cases in each of the other two groups. 
Extremity infections (onychia and paronychia) or cellulitis devel- 
oped in 5 of the controls and in 4 of the serum group. Arthritis 
(small bone sjmovitis) occurring in the first 10 days of the disease 
was found 4 times in the serum group and 6 times in tlie neoprontosil 
group. A recrudescence of the disease was noted in 2 cases of the 
neoprontosil group and 1 of the control group. The number of 
cases having complications (recrudescence included) were 26 in the 
serum-treated group, 32 in the neoprontosil group, and 33 in the 
control group. 
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There was noted an appreciable effect on the toxic phase of the 
disease following the use of convalescent serum. Although these 
cases were admitted to the hospital earlier in the course of their 
disease, it will be noticed that there was an earlier disappearance ot 
fever. Amelioration of throat symptoms, and a sense of well-being 
followed shortly after the use of the serum. Such phenomena were 
not noted after the neoprontosil or in the control group. 

A condition resembling the toxic phase of the disease can be pro- 
duced through the use of scarlet fever toxin (immunization) in which 
no bacteria are involved. Neoprontosil, in our experience, has not 
improved this condition. 

McIntosh and Whitby^ have pointed to the time lag before the 
drug becomes effective in vivo or vitro and the tendency to primary 
stimulation of bacterial growth. This “ lag ” in action is responsible 
for the failure of the drug to check the initial local multiplication 
and invasion of organisms. This lagging period may be sufficiently 
long to endanger the lives of patients. We have observed 6 instances 
in which it was thought advisable to withdraw neoprontosil and 
substitute serum. 

Case Abstracts. The following 2 cases illustrate this point: Case 1, — 
On April 17, 1939, Miss A. L., aged 23, developed a severe angina. Three 
days later a punctiform rash was noted over the entire body and extremities, 
but was most marked in the folds of the body. A septic fever curve was 
present. Sulphanilamide (180 gr. daily) had been given for 5 days when 
she was seen by one of us (M. F.). The patient was comatose and showed 
evidence of marked dehydration, respiratory difficulty and cyanosis. The 
temperature was 105°, the pulse rate was 140, the respiratory rate 38. She 
also presented an extremely congested throat, strawberry tongue, and 
scarlatiniform rash. 

Convalescent scarlet fever serum (40 cc.) was given, followed later by 
50 cc. The temperature dropped 4° within 24 hours. On the 3d hospital 
day, the patient was rational and able to eat her meals, but complained of 
pain in the right side of her chest. Examination presented evidence of 
lobar pneumonia, which was treated with sulphapyridine. On the 6th day 
of the lobar pneumonia, a bloody membranous cast of the trachea was 
expectorated and following this an uneventful hospital course ensued. 

Case 2.— R. M., aged 11, was admitted to the South View Hospital on 
February 27, _ 1939. Examination revealed a well-developed and well- 
nourished white male child, acutely ill, having a temperature of 103.6°, 
pulse 140, and respiratory rate 20. He presented marked circumoral pallor, 
injected pharjoix and soft palate with a strawberry tongue and a fine 
scarlatiniform rash oyer the entire body. Pastia's sign was present. 

patient was given 10 gr. of neoprontosil 3 times daily, but on the 
2d day of Ins hospital stay, the patient still had a septic fever curve and was 
delirious. It was thought best to discontinue the neoprontosil and give 
convalescent scarlet fever serum (40 cc.). This caused the patient’s tem- 
perature to level off rapidly. There was marked clinical improvement and 
an uneventful convalescence followed. 

Colebrook and Kenny, ^ and Long and Bliss® found that prontosil 
had little effect upon infections caused by the hemolytic streptococci 
of low mouse virulence. Although most of our cases were of moder- 
ate severity, we have seen severe early cases not notably improved ' 
after massive doses. 
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The total number of complications was less in the severe cases 
treated by convalescent serum than either of the other groups 
consisting of mild and moderate cases. Otitis media occurred less 
frequently in the neoprontosil group which may have been due to 
the drug or the milder tjqje of this disease in these cases. A study 
of a larger number of cases is to be encouraged. No cases of cellu- 
litis or extremity infections occurred after the use of neoprontosil. 

We feel, as a result of tlie above study and from other clinical 
experiences, that neoprontosil as well as convalescent serum has a 
place in the treatment of scarlet fever. However, it is not for the 
toxic phase or type of disease. Four cases of hemolytic blood stream 
infections occurring in scarlet fever have received the drug and have 
recovered . Otitis media and mastoiditis appear to have been helped 
by its administration. Two cases of hemolytic streptococcus men- 
ingitis following scarlet fever have been treated successfully by . 
neoprontosil at South View Hospital. We have also noted improve- 
ment after its use in deep-seated recesses of infection. Surgical 
drainage necessarily complements the drug action. 

Conclusion. Neoprontosil seems to have less effect on the initial 
toxicity and pj'rexia of scarlet fever than does coin'alescent scarlet 
fever serum, though botli have been found useful in the treatment 
of this disease. 
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LIMITATIONS OF THE USE OP DIGITALIS FOR AMBULATORY 
PATIENTS WITH AURICULAR FIBRILLATION.* 

By W. Weinstein, M.D., 

INTERNE, CARDIOVASCnnAR DEPARTMENT, 

J. Plaut, M.D., 

CLINIC PHY6ICIAN, MANDEL CLINIC, 

AND 

L. N. Katz, M.D., 

DIRECTOR OF CARDIOVASCULAR RESEARCH, 

CHICAGO, ILLINOIS. 

(From tb,e Cardiovascular Department, Michael Eecse Hospital.) 

It is well recognized clinically tliat patients with auricular fibrilla- 
tion who have little or no evidence of heart failure complain of pal- 

* Aided by the A. D. Nast Fund for Cardiac Research. 
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Ditation, a feeling of discomfort and heart consciousness after exer- 
dse or emotional strain and rapid heart rate, even when their ven- 
tricular rates at rest may be normal or only slightly elevated, it 
has been claimed that if adequate doses of digitalis are given to 
patients with auricular fibrillation, the marked increase in the rate 
of the ventricles can be prevented (Mackenzie^^). However, 
Blumgart^ as a result of his experiments on ambulatory patients, 
concluded that digitalis slowed the resting ventricular rate in auricu- 
lar fibrillation, but failed to protect the ventricles from the exagger- 
ated response to exercise. The results of Boas^ and Levy and Boas 
are in accord with Blumgart's. Boas^ and Boas and Goldschmidt^ 
have suggested that patients with auricular fibrillation can be 
classed into (a) high-strung, nervous individuals with labile ven- 
tricular rates and (6) calm and phlegmatic individuals with stable 
ventricular rates. The latter group are readily kept under control 
by digitalis, but the former still exhibit exaggerated ventricular 
responses to exercise and emotional upsets even after thorough 
digitalization. 

The apparent discrepancy between Mackenzie’s experience and 
those of Blumgart and of Boas et al. suggested to us the need of 
reinvestigating this subject more systematically. Eight cooperative 
patients with auricular fibrillation from the Mandel Clinic were 
selected for intensive study. In 4 the etiology of the auricular 
fibrillation was chronic rheumatic heart disease, in 3 it was coronary 
sclerosis and in 1 it was a combination of the two. All of the patients 
were ambulatory. 

Method. The patients were told to continue their habitual rdgime, and 
the digitalis medication was controlled. The exercise test employed was 
standardized for each patient by determining the amount of exercise the 
patient could tolerate on the Master stairs 3 weeks after digitalis had been 
stopped. The rate of exercise was the pace set at this time by the patient. 
The duration of exercise and the number of trips (of 5 steps) was measured. 
The exercise was terminated when the patient felt uncomfortable either 
because of palpitation, fatigue or shortness of breath. The same amount 
and rate of exercise were then used in all subsequent tests on the patient. 
Radial pulse and ventricular apex rates were determined simultaneously 
for 30 seconds in each test, (a) just before the exercise was begun, (b) 30 
seconds after the exercise was over and eA'ery minute thereafter for at least 
9 minutes. Before each exercise period the patient was allowed to rest in 
the sitting position for 15 minutes or more until the basal control rates 
were stabilized as checked by three consecutive readings. Only one exer- 
cise test was performed at each clinic visit. The effect of digitalis was 
then dete^ned by repeating the same exercise at various stages of digital- 
ization. In most of these patients the effect of digitalis was studied by 
repeating the control and digitalization periods several times. 

Results. Tbe results can best be presented by giving typical 
curves in 4 of the patients representative of several similar curves 
obtained on these and the other 4 cases. 


1 . Notes. Cpe 1-— R._ C., a wliite male, aged 35, had rheumatic 

heart disease vuth mitral stenosis and insufficiency and aortic insufficiency. 
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His first attack had occurred 13 j'^ears pre\douslj’^, and he had been knouTi to 
have auricular fibrillation for at least 4 years. At the time of examination 
the patient had had no di^talis for at least 6 weeks. He complained of some 
shortness of breath on slight exertion, attacks of palpitation and a feeling 
of general weakness, but there were no signs of cardiac failure on physical 
examination. His basal exercise consisted of 12 trips on the Master stairs in 
68 seconds. The acceleration in ventricular rate following the exercise and 
the augmentation of the pulse deficit are clearly shown (Fig. 1, Records A). 
After the patient had received digitalis gr. iii daily for 1 week and gr. iss 
dail}'^ for 2 weeks, he showed not only a slower basal ventricular rate and 
practically absent basal pulse deficit but also a smaller ventricular accelera- 
tion and practically no pulse deficit (Fig. 1, Records B). No clinical or 


BEATS / MIN. 




Pig. 1. — Effect of a standardized exercise on Patient R. C. Upper cun’cs average 
apical ventricular rates; lower curves, pulse deficits. Exercise period is indicated 
by gaps in upper zero line. Discussed in text. 

electrocardiographic evidences of digitalis intoxication were ewdent at this 
time and the patient stated that his shortness of breath, palpitation and 
weakness had disappeared. Digitalis had apparently not only slowed his 
basal rate but had lessened the effect of the standard exercise on his ven- 
tricular rate and the number of ineffective beats. 

Case 2. — k. similar result was obtained on a second patient, A. _S., a 
wliite male of 44 years, with rheumatic heart disease, mitral insufficiency 
and auricular fibrillation who had known that he had “heart trouble” for 
7 years. At the time of e.xamination the patient had stopped digitalis for 
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6 weeks. He complained of general weakness and shortness of even 

at rest He appeared to be slightly cyanotic and had rdles m both lung 
bases a tender Uver and slight ankle edema. His exercise at this tune was 
12 trips in 70 seconds (Fig. 2, Records A). Three weeks later after digitahza- 
tion (20 gr. were given in the first 4 days followed by gr. iss daily), the 
signs and symptoms of cardiac failure had disappeared and there was no 
evidence of digitalis intoxication. The exercise test at this time gave results 
in aU. details exactly as in the preceding case (Fig. 2, Records B) . The main- 
tenance dose of digitalis was then reduced to gr. i every 2 days and 3 weeks 
later the exercise was repeated (Fig. 2, Records C) . It will be seen that the 
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Fio. 2.— Effect of a standardized exercise on Patient A. S. Constructed as in Fig. 1. 

Discussed in text. 
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Case 3. — J. K., a white male of 58, had had evidence of mild heart 
failure for 5 years. His chief complaints w'ere d}’’spnea after walking a block, 
orthopnea and occasional attacks of precordial pain. There was ewdence 

of left ve- d slight edema. Blood jsressure was 

140/85. ' ■ ■. ■■■! :. ■■ origin and auricular fibrillation were 

confirmed „ ■ ■ ' j' “■ Despite the presence of mild heart 

failure, the effect of exercise (8 trips in 65 seconds), is similar to that in the 
fully digitalized states of the other patients. The patient was put on digi- 
talis gr. iii daily for 4 weeks and then the same exercise was repeated. The 
results are shown in Records B, which are similar to A except that the basal 
apex rate is at a slightly lower level. The patient at the time of the second 
test had noticed no change in his condition while on the digitalis and his 
phj’^sical findings were also unchanged at this time. 
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Fig. 3. — Effect of a standardized exercise on Patient J. K. 

Discussed in text. 


.A+B 

. . I 

r 0 9 

Constructed as in Fig. 1. 


The lack of effect of digitalis on the exercise test was characteris- 
tic of all 4 cases of auricular fibrillation on a coronary sclerosis basis 
having a slow basal ventricular rate, and suggests tliat w^hen the 
A-V conduction is noticeably impaired before medication, digitalis 
exerts little or no further action. 

’V\Tien digitalis was seemingly without effect in one patient, the 
usual digitalis action -was readily obtained when this patient w^as 
placed in the hospital and given similar doses of digitalis (Fig. 4). 

Case 4. — A. F., a white woman of 51, had rheumatic heart disease and 
mitral stenosis occurring with her first attack of rheumatic fever 34 years be- 
fore. She had had her first attacks of paroxj'^smal auricular fibrillation 2 years 
previously. When this patient had been without digitalis for some time, 
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Fig. 4. — Effect of a standardized exercise on Patient A. F. Constructed as in Fig. 1. 

Discussed in text. 


dosage was increased to gr. iii daily and at the end of 3 weeks an exercise 
test again gave results sii^ar to the control. After 3 more weeks at a dosage 
of gr. ivss daily the exercise test again gave results differing little from those 
of Records A. It was therefore decided to place the patient on absolute bed 
rest in the hospital. Tins procedure without change in the dose of digitalis, 
rapidly led to a slowing in ventricular rate, so that within a week the dose of 
digitalis could be gradually reduced from gr. ivss to gr. iss daily. The exer- 
cise test was taken at the end of the week, but the duration of exercise was 
5 instead of l-l minutes (Fig, 4, Curves B). It will be seen that despite the 
greater amount of^ exercise, the exercise produced less change in ventricular 
rate than before digitalis was administered. At this time she stated that she 
could have kept up the exercise indefinitely. 

Discussion, Our results suggest that the lack of effect reported 
Blumgart and Boas et al. in certain cases of auricular fibrillation 
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were due to incomplete digitalization on the one hand, or to the 
presence of a slow ventricular rate and small pulse deficit in the 
absence of digitalis. Inadequate dosage of digitalis and a slow 
ventricular rate in the absence of digitalis appear to be the two 
chief circumstances which prevent the effective action of digitalis 
during exercise and presumably during emotional upsets, but the last 
case we reported shows that in some instances protracted rest is 
also necessary before this digitalis effect can be induced. 

It seems to us that this sedative effect of digitalis in the presence 
of physical and emotional exertion is an important factor contribut- 
ing to the clinical improvement noted in such cases. The ambula- 
tory cardiac patient is constantly subject to physical and emotional 
exertion as part of his everyday existence, and therefore is not under 
basal conditions most of the time. If these exertions are accom- 
panied by a great acceleration of ventricular rate with an exaggera- 
tion of the pulse deficit in the absence of digitalis, then the work of 
the heart will be done less efficiently than when the rate is kept 
slow. Each contraction of the heart requires the expenditure of 
energy whether the beat is effective or not. In rapid irregular heart 
action the energy cost of the work is out of proportion to the amount 
of blood flow ma*intained.^ ^Mien the heart is in a poor state or in 
incipient failure, rapid irregular heart action will lead, by itself, 
to an aggravation of the failure. Anything which can prevent 
this wastefulness during stress by preventing excessive acceleration 
of the rate and exaggeration of the pulse deficit will therefore lead 
to improvement of the patient’s condition. This is one of the things 
digitalis can do. 

Our experience, therefore, suggests that digitalis in maintenance 
doses not only reduces the basal ventricular rate and pulse deficit 
at basal conditions, but also can prevent the excessive acceleration 
of the ventricular rate and the exaggerated pulse deficit during 
physical and emotional exertion. In both ways digitalis protects 
the heart and permits it to meet the daily strains which ambulatory 
patients are subject to with less ill effect. A^Tiile tachycardia is a 
means by which the heart can maintain an adequate circulation 
when its stroke output is reduced (Luten^®, Wiggers^^), it is not an 
efficient way. Tachycardia itself can lead to heart failure when it 
is excessive or when the heart action is very irregular (c/. Gross'^). 

The effectiveness of a given dose of digitalis will depend to some 
extent upon the natural balance of the action of the vagi and sjun- 
pathetic nerves, and upon the adrenalin content of the blood, since 
these influence A-V conduction definitely (Carlen and Katz**), and 
these factors alter to a varying extent in different subjects. 

Digitalis depresses A-V conduction (cf. Lewis,® Cushnj’',® and 
Weese“), in part by a direct action and in part through stimulation 
of the vagi. Gold et aL® have shovm that the vagus action predomi- 
nates with smaller doses and the direct action with larger doses of 
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digitalis. Obviously when the A-V conduction is naturally depressed 
as in the slow ventricular rates of auricular fibrillation on a coronary 
sclerosis basis, digitalis can do little more in this regard. In these 
cases Nature has done what digitalis does in patients with auricular 
fibrillation and rapid ventricular rates (Mackenzie,^ and Robinson^^) . 

This study suggests a method by which the adequacy of digitalis 
medication in a patient with auricular fibrillation may be tested. It 
would appear that the aim should be to give that amount of digitalis 
which not only keeps the basal rate slow but minimizes the acceler- 
ation of the ventricular rate on standardized exertion. ^ 

Summary. Digitalis, when used in large therapeutic doses was 
found to lessen the ventricular acceleration which occurs following 
a standardized exercise test in ambulatory patients with auricular 
fibrillation. It also decreased the pulse deficit at the same time. It 
was not effective in patients who already had a slow ventricular 
rate. Protracted rest, as well as large doses, may be required to 
produce slowing. 

The tendency to prevent acceleration during exertion and emo- 
tional stress represents one of the modes of clinical benefit derived 
from digitalization. 
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individuals with vascular disease of the limbs might display circula- 
tion times to the tips of the extremities different from that of nor- 
mals. Should this actually be true then the determination of the 
circulation time to the tips of the extremities would find application 
as a diagnostic test of the presence or absence of peripheral vascular 
disease. In order to evaluate that supposition, this study was 
undertaken to determine what might be the normal circulation 
time from the arms to the tips of the extremities and to compare 
these times with similar times obtained in known cases of peripheral 
vascular disease. 

Selection of Patients. Two hundred “normal” indmduals were selected 
from the ward and clinics of the liospital and from volunteers, all of whom 
were free of clinical periplieral vascular disease. Excluded were cases with 
cardiovascular disease, pulmonarj'' disease, fever, anemia or other diseases 
of the blood or metabolism. Upon these were performed 405 complete tests, 
or, counting each extremity, 1593 tests. 

Twenty-one cases of peripheral vascular disease were chosen from among 
the attendants at the Vascular Clinic and hospital patients admitted be- 
cause of peripheral vascular disease. All of these patients were free at all 
times of cardiac decompensation. Upon these were performed 83 complete 
tests or, counting each extremitj’-, 332 tests. 

Agent Used. Blumgart and Yens® have postulated the essential require- 
ments that any substance must fulfill in order to be suitable for use in the 
determination of circulation time. Magnesium sulphate_, originally sug- 
gested by Zwilhnger,®* has been successfully used bj’’ several investigators 
in determining circulation time.®-''--'*’ In this study magnesium sulphate was 
selected as the agent after analyzing it in the light of the postulates of 
Blumgart and Yens, 

The substance when given intravenously was non-toxic and harrnless. 
The end reaction was sharp and sudden. In a group of 43 normal individ- 
uals the net effect of the magnesium sulphate was negligibb' to reduce both 
phases of the blood pressure (1.5 to 4.0 mm. of Hg) and negligibly to reduce 
the pulse rate (1 per minute). Eapid repetition of the test on each of 
approximately 100 indmduals pennitted the conclusion that magnesium 
sulphate could be reinjected into the same individual at intervals as short 
as 5 minutes without materially altering the accurac}’^ of the circulation 
times obtained. No thromboses and no sloughs 'vrore encountered in over 
500 injections although paravenous infiltration did produce^ pain and ten- 
derness for a short period. The salt is easily obtained and its preparation 
for suitable intravenous injection is so simple that the cost is practicallj'' 
nil. 

It was felt, therefore, that magnesium sulphate met all the requirements 
of a substance suitable for use in the determination of circulation time with 
the sole exception of the requirement demanding no cooperation on the part 
of the patient. 

Method. Solution. Ten per cent C.P. magnesium sulphate solution in 
distilled water stored in ampoule vials and autoclaved. 

Dosage. 5 cc. of the 10% magnesium sulphate given intravenously. 

Rate of Injection. Everj”- effort is made to secure as rapid an introduc- 
tion of the solution into the vein as possible. 65 '' experhnentation 'with 
various sized syringes and needles it was found that the most rapid injec- 
tion time followed the use of a 10 cc. syringe and a No. 18 gauge needle 
(0.4 to 0.8 sec.). , , 

Technique. All patients were tested under as basal a condition rs tlie 
clinical circumstances permitted. The indmdual, at least 3| to 4 hours 
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many tests yielded “persistent blanks” (Table 2). This is more 
striking when one considers that over two-thirds of all individuals 
with peripheral vascular disease display “blank” reactions at some 
time or other. , 


Table 2.— Distribution of Blank Tests— All Extremities. 



No. of 
ind. 
tested. 

No. of 
tests per- 
formed. 

Blanks. 

Persistent blanks. 

Ind. 

rep. 

Total 1 
ind., 1 
%■ 

No. 

tests. 

Total 

tests, 

%. 

Ind. 

rep. 

Total 

ind., 

%• 

j 

No. 

tests. 

Total 

tests, 

%. 

Normals 

200 

1593 

64 

32.0 

211 

13.3 

15 

7.5 

84 

5.3 

Entire group 











PVD. . 

21 

332 

14 1 

GO. 7 

112 

33.8 

5 

23.8 

33 

9.9 


It seems that a “blank” reaction might be in part a manifesta- 
tion of a circulation time so prolonged that no terminal sensation 
was manifest. To support this hypothesis we were able to demon- 
strate longer average circulation times in those individuals who 
never experienced “blanks,” as compared to those who did exper- 
ience “blanks” at some time or other. Hence, were it possible to 
attribute a numerical value to each “blank,” it would appear that 
the average time obtained in the peripheral vascular disease group 
would far exceed that of the normals and the average ranges would 
become so far separated from each other that tliere would be no 
longer the overlapping observed. Furthermore, it was noted 
throughout that the greater the number of tests performed on any 
one individual, the less the likelihood of obtaining “persistent 
blanks” except in those with peripheral vascular disease. 

With the thought in mind that the longer circulation times in the 
peripheral vascular disease class may be in some way related to the 
older age groupings of the peripheral vascular disease patients, a 
comparison was made in the normal group (where the sample was 
sufficiently large) of the average circulation times in the various age 
classes. Both the arm-to-tongue and the arm-to-extremity times 
showed a definite trend toward the prolongation of circulation time 
with advancing age. 

An attempt was made to classify the 21 patients with known 
peripheral vascular disease on the basis of the severity of their 
disease into “severe,” “moderate,” and “mild” groups. No single 
definitive measure was used to separate these, but rather a com- 
bined clinico-laboratory evaluation. A comparison of the average 
times in these groups revealed a definite and distinct prolongation 
of the circulation time parallel with the degree of peripheral vascular 
impairment. 

In like manner, it appeared that the average circulation time from 
the arms to the tips of the extremities was longer to the more in- 
volved extremity than it was to the opposite one 
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tliat would tend to retard the velocity of blood flow : These include : 
1, Premature reduction in the liead of pressure through overcoming 
the increased resistance encountered prior to the arteriolar-capillary 
junction. 2, Increased resistance to blood flow accruing from a com- 
bination of: (a) rigidity of the vessels; (6) encroachment on the 
lumen; (c) irregularity of the intima; (d) irregularity of the vessels. 
3, Increase in the viscosity of the blood. 4, Increase in 
cross-sectional area resulting from: (a) The development of collat- 
eral channels (6) dilatation of vessels in territory 
deprived of blood;^®'®® (c) less intermission of capillary flow;^®-'^"^- 
25,27.33.44 jjjgg physiologic variability of the blood-vessels.*'®^ 
5, Disorderly blood 6, Dispersion of the test sub- 

stance. 7, Possible higher threshold of stimulation of sensor;V'^ end 
organs in areas with poor blood supply. 8, Possible concomitant 
cardiac inefficiency. 

Patients with disease of their peripheral blood-vessels might well 
have concomitant disease of their coronapj"^ vessels and hence myo- 
cardial changes impairing the cardiac adequacy as a pump. To 
determine to what extent cardiac efficiency might affect the arm- 
to-hand and arm-to-foot circulation times, it was decided to evaluate 
the shorter arm-to-tongue circulation time in the same group. The 
latter is accepted as representing roughly the total cardiac circula- 
tion time, and, while not by any means conclusive, affords an iso- 
lated measure of the functional status of the heart. Accordingly, 
340 tests were performed on 166 normal individuals and 74 tests 
were performed on the 21 individuals with peripheral vascular 
disease. Table 3 demonstrates a definite increase in the arm-to- 
tongue circulation time in the peripheral vascular disease group 
over that in the normals. Here, as in the arm-to-extremity times 
there is also overlapping in the average ranges, so that absolute 
and wide separation of the times are not possible. 


Table 3. — Arm-to-Tongue Circulation Times. 



No. of 
individ- 
uals. 

No. of 
tests. 

Range. 

Average 

time 

(sec.). 

Average 

devio- 

tion. 

j Blanks. 

No. 

Total 

tests, 

%. 

Normals .... 

166 

340 

4.0-20.2 

10.4 

±2.0 

3 

0.9 

Peripheral vascular dis- 






i 

1 


ease 1 

21 

74 

8.0-26.3 

13.5 

±2.2 

; 1 

1 

1.4 


Conclusions. 1. By this method there seems to be some prolonga- 
tion in circulation time in a group of patients with peripheral vascular 
disease as compared to normal subjects, and in groups of older 
subjects as compared to younger subjects. 
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2. There also seems to be an increase in the number of “blank 
reactions in the same group of patients with peripheral vascular 

disease as compared to normal subjects. 

3. But, individual variations and overlap are so great mat tnis 

method cannot be recommended for testing the peripheral circula- 
tory efficiency of a gimi patient. _ ^ 

Summary. 1. The arm-to-tongue and arm-to-extremity circula- 
tion times Avere determined upon 200 normal subjects and 21 patients 
with peripheral vascular disease through the intravenous injection 
of 5 cc. of 10% magnesium sulphate solution.^ 

2. Individuals with peripheral vascular disease exhibited a ten- 
dency toward a longer circulation time and a definite increase in 
the number of “blank” and “persistent blank” reactions. 

3. Wide variations in circulation times were obtained both in the 
normal and in the abnormal groups even within the same individual. 
The possible reasons for this were discussed. 

4. The possible explanations for the prolonged circulation times 
and the greater number of “blanlc” reactions in peripheral vascular 
disease were discussed. 
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The occurrence of edema of the lower extremities is such a 
commonplace phenomenon in medical practice, and has been so 
thoroughly studied, that it would at first thought seem unnecessary 
to write of its clinical significance. However, too frequently there 
have been brought to our attention cases with edema attributed to 
heart failure which when properly evaluated is clearly due to 
other conditions. Many patients are given digitalis for supposed 
congestive failure when their edema actually is due to varicose 
veins, nutritional factors, phlebitis, or other non-cardiac cause. 
A survey of several of the textbooks on diagnosis shows that too 
little emphasis is placed on the significance of varicose veins, 
posture and other simple factors in the production of edema. It 
was evident that a careful clinical study of a group of cases would 
be of value to determine the relative incidence of the causative 
factors in dependent edema. 

With this in mind, we have recently collected from the Out-Patient 
Department of the Massachusetts General Hospital 100 unselected 
cases of bilateral edema of the lower extremities. Cases of uni- 
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lateral edema were not collected because^ they would obviously 
not be confused with edema due to congestive heart failure. Out- 
patients, coming because of varied complaints, mostly attended 
the general medical and surgical clinics.^ Such an out-patient series 
is thus comparable to the group of patients encountered in general 
medical practice. In addition, we collected 100 cases of bilateral 
edema of the legs from the medical and surgical wards. 

The essential criterion in the selection of cases has been that the 
patients must show to us definite palpable edema of the feet, ankles 
or pretibial areas. The hospital ward group was for the most part 
made up of bed patients at the time of examination, while the out- 
patient group was ambulatory and examined in the morning at the 
time of admission after they had been up and about for several 
hours. They were not selected on the basis of history, routine phys- 
ical examinations and laboratory studies; in some instances, special 
laboratory procedures were also done. The edema was classified 
as slight, moderate, or marked, i. e., minimal pitting of ankles or 
pretibial regions (slight), more pronounced edema reaching to the 
mid-leg (moderate), or severe swelling up to and above the knees 
(marked). An attempt was made to determine carefully in each 
instance the various factors involved in the causation of the edema. 

Analysis oi Material. The Out-Patient Department Group. (See 
Table 1.) It is quite evident that the largest number of cases is 
that due to varicose veins with or without obesity. Of the 56 cases 
in which varicose veins were important factors, the edema was 
slight in 34, moderate in 20 and marked in only 2 cases. On the basis 
of our experience and that of others,®-® uncomplicated varicose veins 
very seldom, if ever, cause marked edema (of the 21 cases, 16 were 
of slight and 5 of moderate amount). Varicose veins complicated 
by incompetent communicating veins, thrombophlebitis of the 
femoral or iliac veins, poor nutrition,, congestive failure, obesity, 
and so on, may be associated with more severe degrees of edema. 

It will be noted that there were only 13 cases due to congestive 
heart failure, and an equal number due to obesity alone. Of the 
3 cases attributed to nutritional deficiency states, 1 had a gastro- 
intestinal malignancy, and the other 2 were the result of dietary 
deficiencies. Lymphedema (due to chronic epidermophyton infec- 
tion and to recurrent inflammatory processes of unknown origin) 
nephrosis, acute nephritis and cirrhosis of the liver were infrequent 
contributors to this group. 

Of the remaining 6 cases in the miscellaneous group, 1 of rheu- 
matoid arthritis had slight edema of obscure origin; in a cancer of 
the cervix with metastases to the liver, the edema most probably 
due to circulatory obstruction; 1 had bilateral phlebitis of the 
femoral veins; 1 had m:^ocedema; and there were 2 with no definite 
cause to be blamed for the edema. One of the last 2 cases had heart 
disease, but there was no evidence of heart failure, and digitalis 
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and other cardiac therapy were unsuccessful in relief of the edema; 
the other had edema for 10 or 12 years, during which time many 
studies were made but no cause for the edema found. 

With regard to the sjmiptoms in this group of cases, it was found 
that 71 complained of some degree of dyspnea (though only 22 had 
heart disease and onl}’' 13 of those had congestive failure). Among 
the 56 patients Avith varicose veins, 49 had dyspnea. This dyspnea 


Table 1. — Bilatehal Edema of the Lowee Extremities. 
(Distribution of Cases Seen in the Massachusetts General Hospital Out-patient 

Department.) 


i 

Varicose veins- 

-obesity, j 

I 


Renal. 

Nutritional. 

Lymphedema. 

Cirrhosis of liver. 

MisceUancons, 


Varicose 

veins 

without 

obesity. 

>- 

Obesity ! 
i and 

1 varicose ■ 
1 veins. 

Ilc.ert fiiilure. 

Acute nephritis. 

Nephrosis. 

1 ' .i 

£ 

c5 1 P 

O 

‘m 

: ^ 

, o 

Simple. 

♦2 

Total cases 

I 

. 21 i 4 

1 13 

! 1 
27 j 

4 

i ; 

13 i 

1 

1 

2 

3 

1 

4 

2 

1 

G* 

100 

Degree .Slight 

! 

' 16 ‘ . 

. 11 

J 

i 

! 

1 3 


1 

2 

j 

! 

i 

1 

2 

62 

of ' Moderate 

-file 

1 2 

8 i 

i 4 

6 

1 

1 

1 

3 


3 

37 

edema Marked 

i .. i 1 

; 


1 1 

.. i 

4 

•• 



1 

2 

1 

11 

1 Under 40 

Is!. 

. ' 4 

1 j 

1 1 

1 

1 

1 


2 


3 

16 

Age 40 to 60 

; 18 1 2 

1 8 ' 

19 

i 3 ' 

3 

1 

1 

2 ' 

1 

2 

2 i 

61 

. Over 60 
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1 ‘ 1 

^ 1 

j ^ ' 

9 

•• 


1 

1 


1 

23 

o : Male 

i 0 i 1 i .. ! 

6 1 


8 

1 

2 

i 1 

2 

2 

1 

29 

: Female 

1 15 1 3 

! ' 13 

27 

4 

5 

-• 


2 

2 

" 

5 

71 

Heart disease 

! 

I'M- 

! 1 
j 

■ 

! i 
1 ' ' 

13 

■ 

1 

■ 

1 

1 

■ 

22 

Hypertension 

16*1 

! 

t 

i 2 

8 1 
1 

3 i 

10 

1 

1 

1 

1 

1 


32 


* One case of rheumatoid arthritis, 1 of carcinoma of the cennx with metastases 
to liver (marked edema) , 1 of bilateral phlebitis of the femoral veins, 1 of mj'xedemal 
2 in which no definite cause could be given for the edema. 


was on careful inquiry found to be clearly due to obesity, age of the 
patient, or poor physical condition, and was moderate in most 
instances. On the other hand, when patients presented the sjunp- 
tom of orthopnea, congestive failure was the cause of their edema 
in all cases except 1 (cirrhosis of the liver with ascites). We feel 
that whereas a complaint of dj^^spnea, palpitation and precordial 
pain may be elicited in many of these individuals with varicose 
veins and at first suggests a cardiac etiology, a careful evaluation 
of these sjanptoms and a thorough physical examination often are 
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necessary to determine wiietlier tlie edema is due to heart failure 
or not. A little time spent in a careful investigation of these cases 
will more than repay itself by more accurate diagnosis. _ 

. The Hospital Ward Group. (See Table 2.) The predominant 
cause for edema was congestive heart failure (60 cases) . The reason 
for the difference between this group and that of the Out-Jr'atient 
Department is that the majority of the sicker patients were ad- 
mitted directly to the hospital. It will be seen that many of the 


Table 2. — Bilateral Edema op the Lo'weh Extremities. 
(Distribution of cases seen in Massachusetts General Hospital Wards.) 



Heart failure 

Varicose 

veins. 

Obesity. 

Renal. 

Nutritional. 

Cirrhosis of liver. 
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3 

1 
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'O 
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Total. 
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< 
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60 

34 
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11 
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2 

4 

5 
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25 

27 

Q 

16 

12 

1 

5 

3 

'4 

7 

1 

5 

4 

1 

2 

2 

2 

1 

V 

1 

6 

1 

B 

2 

2 

1 

25 

40 

35 
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7 
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1 

3 

5 

8 

3 

2 

2 

4 

2 

2 

2 

2 

2 

2 
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2 

2 

3 
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2 
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1 

1 

2 

25 

45 
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38 

22 

28 

6 

3 

6 

3 

8 

4 

2 

1 

fl 

e 

3 

1 

2 

3 

2 

5 

2 

5 

2 

B 

fl 

fl 

64 
36 

65 
22 
20 
17 

4 

2 

Heart 

disease 

Total 

Hypertensive 

Coronary 
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Ch. cor pulmonale 
Luetic 

60 

18 

19 

17 
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2 

34 

4 

13 

12 

3 

2 
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3 

2 

11 

3 

2 

3 

1 

6 

5 

1 

1 

1 


I 
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1 
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• One case ot bilateral phlebitis of the femeral veins, 1 of rheimiatoid arthritis, 1 of syringomyelia. 


congestive failure cases were complicated. In the 6 cases in which 
heart failure was stated to be complicated by nutritional deficiency 
states, we have listed only those patients with evidence of severe 
deficiencies u ith low serum protein, and so on. Undoubtedly this 
is too low a figure, because many cases witli congestive failure over 
a long period of time will have poor appetites and a dietary intake 
low in protein and lacking in vitamins. This quite likely is one 
reason uhy the usual treatment for congestive failure may in an 
occasional case not be completely effective. 

_ The 7 cases caused by nutritional factors without heart failure 
included 3 instances of carcinoma of the stomach with poor dietary 
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intake, 1 of duodenitis and jejunitis ivith a very poor intake of food, 
bleeding gums, and a serum protein of 3 gm., 1 of regional ileitis 
with many operations, profound inanition and a serum protein of 
4.4 gm., 1 of cancer of the lung, and 1 of chronic ulcerative colitis 
with a serum albumin of 2.9 gm. and globulin of 3.16 gm. per 100 cc. 

Of the 2 cases of leukemia, 1 had chronic lymphatic leukemia 
with large glands in the inguinal region and some inanition wiiich 
w^ere probably the factors involved in the edema; the other had 
chronic myelogenous leukemia w'ith infiltration of the liver and 
possibly some portal obstruction. 

One case of syringomyelia of the cervical cord developed moderate 
edema. He w^as unable to use his low^er extremities well and w’ould 
sit in a chair for long periods of time. We w'ere convinced that 
posture was the main cause of the edema in this instance. 

The 30 remaining cases included 10 w4th varicose veins, 2 with 
obesity alone, 7 w'ith cirrhosis of the liver, 5 wnth acute nephritis, 
2 with nephrosis, 2 with mjocedema, 1 wfith rheumatoid arthritis 
and 1 wdth bilateral femoral phlebitis. 

A comparison of the out-patient and hospital groups is shown in 
Table 3. 

Table 3.— Bilatekal Edema or the Lower Extremities. 
(Comparison of the Chief Clinical Causes in 100 Out-patient Department and 100 
W^'ard Cases of the Massachusetts General Hospital.) 

Cause. O.P.D. cases. Ward cases. 

Varicose veins: 


Total 

Without obesity 

. . . . 6G 

25 

10 

6 

With obesity 

Heart failure: 


31 


4 

Total 

Uncomplicated 

.... 13 

13 

60 

34 

Complicated 

Marked obesity alone .... 

.... 13 

•• 

2 

26 

Renal disease 

.... 3 


7 


Nutritional 

.... 3 


7 


Cirrhosis of liver 

.... 2 


7 


Miscellaneous 

.... 10 


7 


Total 

.... 100 


100 



Discussion. Although this study has represented a fair cross- 
section of the various causes of edema, there are other factors to be 
considered. The effect of the upright posture in the production of 
edema needs emphasis. It is well known that the venous pressure 
in the ankles and feet in a standing normal individual may be very 
high (100 cm. or more).- Usually this is not important, because 
muscular movement in walking will promote both blood and Ijmph 
flow and thus compensate for such high hydrostatic pressures. 
However, if a normal person should stand in one position for an hour 
or more, slight edema of the ankles will occur.--® Undoubtedly^ a 
number of old persons develop some edema of the lower extremities 
because they are inactive and sit for long periods. Many patients 


517 


B1LA.TERAL EDEMA OF THE LOWER EXTREMITIES 


who have been confined to bed for several weeks after an operation 
develop slight dependent edema during the first few days ot con- 
valescence. The presence of deep or superficial varicosities will 
increase, of course, the tendency to edema formation under such 
conditions. From a practical clinical standpoint, therefore, the 
factor of posture is an important one and should be considered in all 
cases of obscure edema. 

The size of the patient’s heart is a factor which must be given 
careful consideration. It is of considerable importance to realize 
that congestive heart failure does not occur without cardiac enlarge- 
ment. Therefore, if we find the heart of normal size in the presence 
of edema of the legs we can rule out at once myocardial weakness 
and failure as the cause of such edema. The one interesting point 
about the possible relationship of a normal heart size with probable 
cardiac origin of the edema of the legs concerns the rare cases of 
chronic constrictive pericarditis in the series we are reporting here- 
with, but one should be on one’s guard for such a case. If a patient 
with edema of the feet, or especially with enlargement of the liver 
and ascites, is encountered with normal heart size, engorged neck 
veins, and no obvious reason for the edema, one should think of the 
possibility of, and look for, constrictive pericarditis. 

It is not within the scope of this paper to present in detail the 
pathologic physiology and mechanism of edema formation. This 
has been well discussed and summarized elsewhere.^ 


It becomes obvious, in view of our findings, that it is important 
to determine carefully the cause of edema in each individual case. 
Sometimes it will not be possible to do so, and after a careful study 
no clear-cut reason can be given for the edema, but in our experience 
such cases are exceptional. We would like to emphasize that 
when one is confronted with a case of edema, especially if it be slight 
or moderate, one should carefully determine the cause and not be 


too quick to attribute it to heart failure. Nor, on the other hand, 
should one say that the edema is due to some simple, relatively 
unimportant cause, unless an adequate study proves that to be true. 

Summary. 1. Unselected cases of bilateral edema of the lower 
extremities (100 from the Out-Patient Department and 100 from 
the wards of this hospital) have been analyzed and the predominant 
causes of the edema and their frequency have been determined. 
In the out-patient group, which is analogous to a group of patients 
seen in general medical practice, the causative factors occurred in 
the following order of frequency: varicose veins (56 cases), with 
obesity (31 cases), without obesity (25 cases); obesity alone (13 
cases); cardiac failure (13 cases); lymphedema (4 cases); renal 
disease {2, cases); nutritional factors (3 cases); cirrhosis of the liver 
(2 cases); and miscellaneous factors (6 cases). 

, group showed the following frequency: congestive 

heart tailure (60 cases) ; varicose veins or obesity alone or in com- 
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bination (12 cases'); renal disease (7 eases); nutritional factors (7 
cases) ; cirrhosis of the liver (7 eases) ; leukemia (2 cases) ; myxedema 
(2 cases); and miscellaneous factors (3 cases). The predominance 
of cases of heart failure in this group, in contrast to the former, is 
to be expected as only the sicker patients are admitted to the wards. 

3. Thus it has been found that in an unselected group of ambula- 
tory individuals with bilateral edema of the lower extremities, 
cardiac failure as an etiologic factor is less common than often 
thought. Varicose veins and obesity, with posture as a secondarj^ 
or primary factor, are far more commonly responsible in such a 
group, particularly when the edema is slight or moderate in degree. 
Many such patients have symptoms which suggest a cardiac etiologj% 
but careful study reveals that such symptoms are unrelated to 
organic heart disease and that the edema is the result of the less 
serious factors. We wish to emphasize that in a group of ambula- 
tory patients, dependent edema infrequently indicates heart failure 
and therefore rarely requires digitalis therapy; such simple factors 
as varicose veins, obesity and posture, alone or in combination, are 
much more commonly the cause of the milder degrees of edema in 
such cases than is heart disease. 
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The classical experiments with beri-beri have been chiefly per- 
formed in pigeons.3^ Vflien these animals are fed on a diet of polished 
rice, and at the same time given injections of thiamin chloride 
(vitamin Bi), the development of beri-beri is prevented.® Upon 
continuance of this regime, characteristic symptoms develop in the 
course of 4 to 12 weeks. The animals lose considerable weight and 

* Aided by grants from the Common-wealth of Massachusetts, the Rockefeller 
Foundation, and W. P. A. Project 18088. 


PIGEONS OF A DISTINCTIVE VITAMIN B DEFICIENCY OlH 

stand quietly for hours at a time with head on chest. The feathers 
become “fluffed out” and dirty in appearance, and the horny 
covering of the beah, legs and claws becomes dull and thickened. 
After 12 to 15 weeks, a well-marked anemia develops m association 
with hyperplasia of the marrow. The anemia and all the symptoms 
of this deficient state respond to therapy with liver extract and 
yeast, but no effect occurs when riboflavin, nicotinic acid, or the 
rat anti-dermatitis principle (vitamin Be) is administered. In many 
respects, the clinical picture of the deficiency corresponds closely 
to that of “chick pellagra” as described by Elvehjem et The 
present communication deals chiefly with the clinical, hematological, 
and bone-marrow findings of this deficiency state and with the 
therapeutic effects of certain agents.* 



Fig. l.~Normal pigeon. Note the “proud" erect position, and the sleek, 

smooth feathers. 


Methods and Materials. White king pigeons, weighing from 300 to 
550_gm. were used. After a preliminary period of observation of 2 weeks, 
during which time the animals were on a com and grain diet, the diet was 
completely restricted to polished rice and water. This resulted in beri-beri 
within 2 to 4 weeks. To obtain a state of vitamin B, complex deficiency, 
vitamm B, was given by regular daily injections simultaneously with in- 


Wo are indebted to Drs. Leo Alexander, Abraham Myeraon, and Michel 
Pijoan for permission to utilize their pigeons (Series I, II, III, IVl for hemato- 
logic^ studies. Dr. Alexander performed many of the postmortem examinations 
and Dr. Pijoan prepared nboflaiin phosphate and "yellow ferment.” Neuro- 
logical studies in the deficient pigeons have been made by the above workers and 
was recently published (Trans. Am. Neur. Soo., 64, 135, 1938). 
Other articles dealing with the neurological features of the deficiency state by the 
same authors are in preparation. 
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Fig. 4.— Photomicrograph of a blood smear (X 1520) of a normal pigeon stained 
with brilliant cresyl blue and Wright's stain. Note that the nuclei of the reticulo- 
cytes are larger, rounder and less pyknotic than those of the non-reticulated erythro- 
cyte. 
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Fig. 5. — Photomicrograph (X 1520) of stained blood smear of a pigeon with an 
induced Bj complex deficiency state and severe anemia. Note the variation in size 
of the individual red cells. The nuclei show marked differences in size, shape, stain- 
ing characteristics, and position. 



Fig. C. Photomicrograph (X 1520) of reticulocyte preparation from a vitamin B; 
deficient pigeon (Series \I, No. 17) 5 days after the administration of a dilute liver 
extract was begun. The reticulocyte count was 95% (!). Occasional reticulocytes 
are small, thick and heavily-stained. 
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imDortant and has not been sufficiently described in other publications 

iLTf l*sidera4 

pioceC^ndghjSSSS^^^ 

locvte counts of normal pigeons as noted by other investigators. On the 
othM hand, use of one of the very small, just visible vessels 
wing vessels, although occasionally successful, usually resulted 
to obtain sufficient blood. An accidenta puncture of the skin of the leg 
led to the discovery that good-sized, readily controlled drops of blood could 

be obtained from a small nick in the “red” skin of the leg. . 

Because of the well marked tendency of pigeon s blood to clot rapidly, 
‘two individuals are necessary in taking blood for counts. With the farst 
drop blood for hemoglobin is obtained, and immediately thereafter the 
red cell pipette is quickly filled by the second technician, following which 
smears are obtained. Pressure is then made over the puncture, which is 
covered with a bit of absorbent cotton. 

Blood for hemoglobin, red blood cell count, and reticulocyte count was 
obtained. The hemoglobin was at first determined by the Sahli method 
(cahbrated so that 100% == 15.5 gm.), and in the more recent and detailed 
experiments, by the Evelyn photoelectric method (100% = 15.6 gm.). 
The red cell counts were performed with United States Bureau of Standards 
pipettes and hemacytometers. Hayem’s solution was found unsatisfactory 
liecause of its tendency to cause a murky solution with the pigeon’s blood 
(hyperproteinemia?) . On the other hand, a solution of sodium citrate 1.5% 
gave clear suspensions, and the tendency to clot formation within the 
pipette was prevented. Reticulocyte smears were made by preparing 
cover slips with a film of 1 % alcoholic solution of brilliant cresyl blue, the 
usual 0.3% solution being found unsatisfactory, probably because of the 
greater absorption of dye by the nuclei of the red cells. Blood smears were 
made in the ordinary way and counterstained with Wright’s stain-— stain 
1 minute, water 1 minute. If the second step in staining was longer than 
1 minute, reticulocytes were frequently not visible, being now represented 
as polychromatophilic red cells. The staining of the reticulum substance 
was at times a variable phenomenon, and even with the utmost care, 
smears were occasionally obtained with polychromatophilic cells rather 
than reticulocytes.^ Furthennore, the reticulocytes at times exhibited 
variabihty in staining even in the same smear. In counting these cells it 
was absolutely essential to deal only with those sections of the smear in 
which the reticulocytes were well stained.* 

* Nittis^^ has recently criticized the findings of previous workers with pigeons’ 
reticulocytes. He rightly points out that in fresh preparations practically all the 
e^throcytes are reticulated. However, with the use of Dameshek’s reticulocyte- 
platelet Bolution,« It IS easily possible to distinguish the dense highly reticulated 
reticulocyte from those red cells which show only scattered granules.' In “dry” 
preparations, the differentiation between reticulocytes and non-reticulocytes is 
readily made, not only by the reticulum present in the reticulocytes, but by distinct 
differences m morphology of the nuclear structure. These points will be covered 
in another communication. 


Legends for Figs. 7 and 8 

they .,0 by „,ly nJofcaM ,ed® if. 

blasts and crj'throblasfs) . mormoDiasts A and B or pronormo- 
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®f Sil'’S r^rck) given daily by intramnscdar injection in 

‘‘Tkc? Anldcr-ilfe FrindvU Ni 

from yeast and prepared according to the method of ^P^sky i^nd Juk« 
(rivpn dailv bv intramuscular msection m dosage of 0-5 cc. fo) Vacwr l 
fleDkovsl^^^l^crystalline. This pure material was kindly supplied by 
Dr.^epkovsky aS was given intramuscularly m daily dosage of 0.5 cc. 

(0.05 mg.). 

PIGEON 30(Sene53Zl) 



Chart II. — Pigeon 30 (Ser. VI). On a diet of polished rice with added thiamin, 
progressive anemia developed; this was readily controlled by the administration of 
yeast concentrate tablets orally. 


5. (a) Chick Anti-dermatitis Factor (Elvehjem).®®’^® This purified (color- 
less) material was Mndly supplied by Dr. Elvehjem and was given intra- 
muscularly in dosage of 0.5 cc. evei^ other day. (5) Filtrate Factor(s) or 
Factor 2 (Lepkovsky). This material (a heavy brown liquid) was kindly 
supplied by Dr. Lepkovsky and was given orally in dosage of 0.5 cc. daily. 

6. Vitamin B Parenteral (Lederle). According to the manufacturer 
each cc. contains besides B„ riboflavin 0.3 mg. (100 B-S units), nicotinic 
acid, dematitis factor(s) 30 “rat day” units, and filtrate factors, approxi- 
mately 30 “chicken day” units. 

7. Liver Extracts: (a) Lilly “concentrated” liver extract for parenteral 
use. A relatively dilute extract of liver, 1 cc. being derived from 10 gm. of 
wliole_ Uver and containing 2 USP units per cc. Dosage 0.5 cc. by 
daily intramuscular injections. (6) Lilly “reticulogen” for parenteral use. 
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A highly purified and concentrated extract of liver, 1 cc. being derived from 
100 gm. of whole liver. Dosage 0.5 cc. by intramuscular injection every 
2 days. 

8. Yeast Concentrate Tablets (Mead’s Brewers Yeast Tablets). 1 tablet 
(389 mg.) given orally, daily. 

9. ' Vitamin C, ascorbic acid, synthetic (Hoffmann-LaRoche) 25 mg. given 
orally every 2 days. 

10. Iron citrate injectable (Parke-Davis), 0.25 cc. given daily by intra- 
muscular injection (containing 0.025 gm. of Fe citrate). 

Results. Normal Pigeons and Noralvl Controls. The nor- 
mal pigeon is lively, moves about freely in his cage, and has smooth, 
clean feathers, w^hich are "unruffled.” The beak and the epidermis 


pigeon 25 (Senes 3zr) 



Chart III. — Pigeon 23 (Ser. VI). On a diet of polished rice with added thiamin, 
there were progressive reductions in hemoglobin, red cell count, and weight. Nico- 
tinic acid given parenterally failed to stay the progress of the deficiency state, which 
was finally benefited by the persistent use of a highly purified and concentrated liver 
extract. 


of the legs are smooth and of good color. The blood findings in our 
pigeons showed the following ranges: Hemoglobin (45 observa- 
tions) 77 to 122%, average 92.8%; red cell count 2.24 to 4.57 (46 
observations), average 3.22 millions; reticulocytes (40 observations) 
10.8 to 14.6%, average 12.4%. Careful inspection of the nuclei 
of reticulocytes and non-reticulocytes disclosed that the nuclear 
structure in the non-reticulocyte (mature cell) is much more com- 
pact and pyknotic than in the relatively immature reticulocyte. 
In the latter cell, the nucleus is wider and larger and clear spaces in 
the nuclear structure are usually visible. The normal bone marrow 
is extracted from the femurs and the ulnas as firm, reddish cylinders. 
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The femoral marrow is normally red throughout its extract, but the 
ilnar marrow is usually fatty or flecked with ’^eddish materid^ 
Differential counts of normal marrow impression smears (500 cells 


Femur; Erythroblastic cells: 
Erythrogones . • 

Normoblasts “A" . 
Normoblasts "B” . 
Normoblasts “C" . 
Mature erythrocytes 
Leukocytes . . ■ 


Per 

cent. 

Ulna; Erythroblastic cells; 

Per 

cent. 

2 

Erythrogones . . . • 

, 1 

10 

Normoblasts “A" . 

2 

10 

Normoblasts “B” . 

2 

25 

Normoblasts “C" . 

60 

20 

Mature erythrocytes . 

. 24 

33 

Leukocytes 

. 21 


PIGEON 59 (SeriesSl) 



Chart IV. — Pigeon 39 (Ser. VI). Nicotinic acid was of no value in the treatment 
of the B 2 deficiency state, which was rectified by the administration of vitamin B 
complex given parenterally. 


A detailed description of these cells is given in the paper of 
Dameshek and Valentine,'^ The smears from the femur were far 
more cellular and of better quality than those from the ulna; in 
many cases, the latter were too fatty to be properly stained or 
counted. 

Sections of the normal marrows stained with eosin-metbylene 
blue showed: Femur: A full, actively growing marrow with large 
groups of erj^tlrrocytes and leukocytic cells arranged in islands. 
The bine ’ islands were for the most part early erythroblastic 
cells; these were usually in groups; the “red” islands, mostly granu- 
locytes. Orderly maturation of cells from the most primitive to the 
most mature was clearly seen. Running throughout the section 
Mere always found branches of bone-marrow blood-vessels contain- 
mg large numbers of closely packed mature erj^throcytes. Ulna: 
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usuallj'^ composed of one-lialf to ts\*o-thirds fat with small foci of 
both red and ^’hite cells. The vascular branches, containing mature, 
elongated, nucleated red cells, were quite prominent in these sec- 
tions. 

Starvation (Series II). Complete starvation of the normal 
pigeon resulted in varying degrees of hjqioplasia of the marrow. At 
the same time, the marrow of both the femur and ulna often took 
on a “disorganized” edematous appearance with the presence of 
fibrous tissue strands as a prominent feature. The degree of hjqio- 
plasia was subject to much individual variation. No blood studies 
were carried out in this series. 


PIGEON 31 (SeriesTi) 



Chaet V.— -Pigeon 31 (Ser. Yl). Riboflavin administered parenterally vras of 
no value in the treatment of the B: deficiency state induced by a diet of polished rice 
with added thiamin. 

Complete Bi and Deficiency (Beri-beri) (Series DO* These 
animals died of classical beri-beri within 2 to 4 weeks. The condi- 
tion of the marrow was variable, although marked changes were 
always present. In most cases, an edematous disorganized marrow 
was present with hjqioplasia of the erj'^throblastic tissue. Usually, 
even with well-marked h^^poplasia, islands of primitive cells inter- 
preted as erythrogones were present. In some cases, these islands 
were quite prominent giving the appearance of hjqiercellularitjq 
in these instances, the more mature forms of nucleated red cells 
were greatly diminished {i. e., maturation arrest?). Large numbers 
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„t small, round cells Oymphocytra? “ 

seen and at times the appearance of weU 

tion was Dresented. Evidences of increased blood destruction were 
usually present, i. e., hemosiderosis, erythrophagocytosis of hemo- 
Sin or broken dU red cells by large cells (probably hist o- 
cytes). The leukocytic tissue, by contrast with the hypoplastic 
erythroblastic tissue, was usually very prominent and this apparent 
hyperplasia often resembled that due to infection. 



DAYS lO 20 ^0 40 50 60 70 60 90 lOO lO 20 50 

Chart VI. — Pigeon 37. The rat anti-dermatitis principle — vitamin Be crystalline — 
■was of no definite effect in the amelioration of the Bz deficiency state. 


Blood studies of the pigeons with beri-beri were made in Series VI. 
Slight anemia developed, marked more by a reduction in hemo- 
globin than in the erythrocj'^te count. The average reduction in 
hemoglobin (10 birds) was 13.3% in an average time of 14.6 days. 
The erj’^throcyte count in the same birds .dropped on the average 
only 0.17 million. In some birds, an actual increase in red cell 
count occurred. The accuracy of the counts in pigeons with beri- 
beri must be questioned in view of the marked changes in water 
balance which must inevitably take place. Furthermore, the 
apparent rise in red count of some of the pigeons may be due to 
dehydration, since with onset of beri-beri some of the birds became 
indifferent to their surroundings and did not take water. 

To summarize, the bone marrow of the pigeons dying of beri-beri 
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generally showed evidences of hypoplasia with foci of primitive 
red ceils (maturation arrest?) and at times hj^jerplasia of leuko- 
cytic tissue. Slight anemia usually developed, although the accur- 
acy of blood counts in beri-beri is to be questioned in view of pos- 
sible changes in water metabolism. 


PIGEON 4-4- (Series m) 



Chart VII. — Pigeon 44. Vitamin Be (crj'stalline) did not improve the B: complex 
deficiency state, nor did reticulocytosis develop. Upon administration of the chick 
anti-dermatitis principle, as purified by Elvehjem, a reticulocytosis ensued ■n'hich vras, 
however, not followed by an increase in the hemoglobin or red cell count nor by 
improvement in the pigeon’s phs’sical status. 

Bi Deficiency. In 3 pigeons (Series IV, Group 4), a yeast 
extract free of Bi was given simultaneously with tlie diet of polished 
rice, i. e., beri-beri developed, although the B 2 complex was prob- 
ably present in adequate amounts. In 1 of these animals, there 
was well marked red cell formation; in the other 2, hj-^poplasia of 
erythroblastic tissue was prominent. No blood studies were made in 
these animals. 

B2 Complex Deficiency. Pigeons fed on a diet of polished rice 
and water and simultaneously given daily injections of thiamin 
chloride (Vitamin B-) intramuscularly, lost weight fairly rapidly. 
The symptoms of beri-beri did not develop. For 2 to 4 weeks, the 
animals presented a fairly normal appearance, but between the 4th to 
12th week, definite clinical changes became noticeable in most of the 
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Chart VIII. — Pigeon 17. A well-marked anemia developed on a diet of polished rice with added thiamin. Administration of a dilute 
liver ext-act resulted in a marked reticulocytosis and a definite increase in red cell count. Because of the lag in hemoglobin value, iron 
was added by parenteral route; this resulted in a temporary increase in hemoglobin but was followed by a toxic reaction. Liver extract 
was continued but without effect; when yeast concentrate was then given orally, a striking response clinically and hematologically ensued. 
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animals. They appeared listless, stood quietly in their cage, usually 
with head bent on the chest. Shivering spells were often noticed. The 
feathers, normallj’' clean, sleek, pure white, and closely applied to 
each other, became unkempt, dirty-gray, and irregularly “ruffled” or 
“fluffed out.” As the deficiency developed, definite changes be- 
came noticeable in the beak, claws, and epidermis of the legs. The 
normally smooth, red appearance of these parts became lost and the 
epidermis developed an irregular, dirty, brownish, hyperkeratinized 
appearance. There was slow progression of symptoms for 3 to 6 
months, and unless specific therapy was begun, death occurred 
usually within the 6-month period. 

With development of this deficiency state, anemia gradually 
developed (in 17 of 20 pigeons in Series VI). A definite anemia was 
discernible between 28 and 90 days (average 52 days). Anemia 
became most marked from 41 to 107 daj^s following the induction 
of the deficiency (average time 66.2 days). At this time, some sort 
of therapy was usually begun so that the lowest possible level of 
anemia which might develop Avas not determined. The hemoglobin 
at this time varied from 39 to 76% (average 58.2%), and the ery- 
throcyte count from 1.28 to 2.69 millions (average 2.01 millions). 
The color index in these cases was always high, although the signifi- 
cance of this factor in the blood of pigeons is questionable. Estima- 
tions of the hematocrit and the mean corpuscular volume were not 
made. At the height of the anemia there was well-marked variation 
in size and shape of the red blood cells with the presence of many 
small “polychromatophilic” cells with deeply basophilic cytoplasm 
(corresponding to the presence of nucleated erj^throcytes in human 
anemia?). The erj^throcytic nuclei, normally pylcnotic and situated 
longitudinally in the cell parallel to its long axis, not uncommonly 
became transversely placed. The strands of nuclear chromatin 
also became less well-defined (immaturity). The reticulocyte count 
usually increased to levels of between 20 to 30%. No particular 
changes in the leukocytes or thrombocytes were evident, although 
at times a well-marked increase in granulocytes was present. The 
appearance of the bone-marrow of pigeons dying of this deficiency 
W'as variable, depending in most part upon the duration of the 
deficiency state. Of 20 marrows examined complete^’’, 9, from pig- 
eons with long-standing deficiency and well-marked anemia, showed 
essentially the same picture. This was characterized by well- 
marked cellularity, the presence of many primitive cells classed 
as erythrogones, and marked increase in early red blood cells. 

Differential count of the bone-marrow smear in a tj-pical case 
(Series V, Group XI, Pigeon 2) showed the following: Ratio of 
R.B.C. to W.B.C. 1 : 0.18. The red cells were differentiated as follows: 

Primitive R.B.C. (erytiirogones; normoblasts “A") . 

Normoblasts "B” 

Normoblasts “C” 

Matiire R.B.C 

In counting 500 R.B.C. 18 mitoses were seen. 


Per cent. 
27.2 

37.4 
21.0 

12.4 
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Normal marrows in this group of B 2 deficiency were_ found when 
the birds were sacrificed at 9 days and 12 days respectively. Alter 
this period, and until well-marked anemia was present, the picture 
was variable, the marrow being either essentially normal, hypo- 
cellular, or hypercellular in appearance. Occasionaiiy, a very 
marked leukocytic hyperplasia suggesting leukemia was present. 
In 2 birds dying suddenly during the course of this experiment, this 
possibility was definitely present in view of the very large spleen 
and the bone-marrow picture. 

Effects of Various Substances on the B2 Deficiency State. 
Riboflavin and Riboflavin Phosphate.^ In Series I, II, III> and V, 15 
animals were given these substances simultaneously with the 
development of the deficiency and the marrows studied at death. 
These showed great variability from animal to animal in the same 
group, although there was usually a curious picture of marked 
hypoplasia with the presence throughout of finger-like vascular 
channels filled with mature red blood cells. In 3 pigeons (Series VI) 
given injections of riboflavin or its phosphate during the develop- 
ment of the deficiency state, there was continued and progressive 
clinical and hematological decline. The effect of this substance 
may be said to be entirely negative in these experiments. 

Nicotinic Add. In Series VI, 3 pigeons given injections of nico- 
tinic acid during the course of the B 2 deficiency state showed a con- 
tinued and progressive decline in their clinical and hematological 
status. 

Vitamin Be. Crystalline vitamin Be in solution was obtained 
from Lepkovsky and administered parenterally to 3 deficient 
pigeons in Series VI. No responses either clinically or hematologic- 
ally took place. 

“Filtrate Factor” (Lepkovsky). This material, a heavy brown 
liquid, was obtained from Lepkovsky, and administered orally to 
2 deficient pigeons in Series VI. No responses occurred. 

“Chick-derrmUtm” Factor (Elvehjem). This material, a colorless 
solution, was obtained from Elvehjem and administered parenter- 
ally to 2 deficient pigeons in Series VI. Although reticulocyte 
responses took place, there was no definite clinical improvement 
and no increase in erj''throcytes. Further experiments with this 
substance are planned. 

Viiaviin B Complex (parenteral, Lederle) (Series VI). Three 
defacient pigeons given this material by injection showed a slow, 
though definite improvement in clinical and hematological status. 
_n i igeon U (Senes VI), following a slight response to this medica- 
tion, the administration of yeast resulted in a marked response. 
Uver extract, relatively dilute (Lilly “concentrated”). In all the 
pigeons given this material parenterally, there was a striking 
response. Phere was rapid improvement in clinical status with 
marJced gam m weight, reappearance of the normal alert appear- 
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ance, disappearance of the “fluffed out’’ and dirty appearance of 
the feathers, and replacement of the hj'perkeratinized epidermis of 
the beak and claws by normal skin. Before the onset of clinical 
improvement, and within 2 to 5 days after the beginning of injec- 
tions, there was an extreme reticulocytosis of 60 to 85% with the 
appearance of many “polychromatophilic” red cells. This picture 
was shortly followed bj' an increase in the erythrocyte count and a 
somewhat slower increase in the hemoglobin concentration. ’^^Ten 
iron was given to 2 animals in which hemoglobin production 
appeared to lag, there was a definite (temporarjO increase in hemo- 
globin production (see under iron). Associated with the change to 
normality of the blood counts, there was an associated change to 
normality of the red blood cells in the stained preparations. In 
1 animal (Series VI, No. 17) which had become very anemic after 
iron administration (“toxic” reaction), liver extract resulted in a 
marked and sustained reticulocytosis, which was, however, not 
followed by an increase in the red cell count. VTen yeast was then 
given orally, there was a rapid increase in the erj'throcyte count. 

Lvoer extract, highly concentrated (Lilly “Reticulogen”). Two 
pigeons with B 2 deficiency were given injections of “Reticulogen.” 
There was a slow but progressive improvement in the clinical status 
in both, and a very slow but definite hematological response in one. 
In one of the pigeons (Series VI, Pigeon 14), a well-marked response 
occurred when injections of the relativelj'^ dilute liver extract were 
substituted for the concentrated material. 

Yeast. A yeast concentrate was given by moutli to 4 pigeons 
with uniformly excellent results. In each instance, there were 
striking clinical and hematological effects. Vflien j'east concen- 
trate was given to a pigeon (Series VI, Pigeon 11), whicli had shown 
only a slight response to parenteral B complex, a rapid rise in botli 
hemoglobin and red cell count took place. In anotlier pigeon 
(Series VI, Pigeon 17), there was a well-marked eiythrocyte re- 
sponse to yeast after liver extract had resulted only in reticulo- 
cytosis. Continuance of yeast therapy resulted in extremely high 
hemoglobin and erytlarocyte levels.* 

Iron. A solution of iron citrate was giA'^en parenterally to 2 
pigeons in which hemoglobin production following liver extract 
injections appeared to be lagging behind erythrocyte formation. 
In both instances, there was a quick rise in hemoglobin, which was, 
however, followed by definite toxic effects as indicated bj'^ vomiting, 
weakness, rapidly progressive anemia and reticulocytosis (hemo- 
lytic anemia?). These symptoms improved upon continuance of 
iron therapy. 

Discussion. A. Pigeon '‘Pellagra'' or “Dermatitis.” The pigeon 
has been the classical animal used in the study of beri-beri, Bi 

* The administration of yeast to norma! pigeons (in a preliminary study) has 
resulted in definite increases in hemoglobin and erythrocyte values. 
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deficiency.®^ The response to thiamin chloride in animals made Bi 
deficient by a diet of polished rice is a striking one and has been the 
subject of many publications.®^ Definite deficiency states relating 
to the various elements of the B2 complex have also received much 
attention. At the present writing, riboflavin, nicotinic acid, and 
vitamin Be (the rat anti-dermatitis principle), have been isolated 
in pure form and their deficiency states well described. Other 
deficiencies in various factors of the Ba complex, not so well-defined, 
have also been described. In 1930 “Norris and Ringrose reported 
the development of a pellagra-like syndrome in chicks placed on a 
normal diet except for the use of powdered egg-albumin in place 
of the more common protein of animal origin. . . . The addi- 

tion of 5% of autoclaved yeast prevented the symptoms.’’ ® In 1932, 
Kline, Keenan, Elvehjem and Hart^® produced similar symptoms in 
chicks (“chick-pellagra”), which were given a diet of natural food- 
stuffs heated dry at 95“ to 100° C. for 144 hours. No symptoms 
developed when the diet was supplemented with 0.8% of dilute 
liver extract (Lilly 343). Elvehjem and his collaborators then set 
about the task of isolation of this “anti-pellagra” factor and soon 
found that flavin and the “anti-pellagra” factor must be separate 
substances.^ The inefficacy of the flavins in both chick and human 
pellagra was soon demonstrated. Lepkovsky and Jukes'®® almost 
simultaneously made much the same observations and introduced 
the term “filtrate factor”'®' for the material which was active in 
the prevention and treatment of chick pellagra. For some time, 
Elvehjem believed that the chick pellagra factor was identical with 
that active in dog black tongue and in human pellagra, but his 
recent work" and that of others with nicotinic acid demonstrated 
conclusively that the latter was the deficient factor in dog black 
tongue and in human pellagra.^®-®® The chick-pellagra factor, or 
better the chick anti-dermatitis factor* is thus not nicotinic acid 
and as yet has not been isolated in completely pure form. However, 
recent fractionation studies of Elvehjem and his collaborators®'*-'®® 
have shown considerable progress in this direction. 

Thus, riboflavin, nicotinic acid (P-P factor), vitamin Be (rat anti- 
dermatitis principle. Factor 1 of Lepkovsky) have been isolated in 
pure form and their deficiencies described. Chick dermatitis and 
the chick anti-dermatitis principle are well along in description and 
isolation. Other less well-defined factors, and others perhaps un- 
discovered also exist in the B2 complex;® Thus, Vitamin B3 and 
\ itamin B5 have respectively been described as weight-maintaining 
and weight-gaining factors in pigeons and Vitamin B4 may be of 
^me significance in a specific paralysis in chicks and pigeons. 
Reader®® stated in 1929 that a tendency of the animal to sit in a 
Bunched position was characteristic of a deficiency in this vitamin, 
ihe so-called Factor W'® may also be of some importance. 


Vitamin Nomenclature has ruled that the term 
Should be used only m cases of humans. 


‘pellagra’ 
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Our work with pigeons has demonstrated that deficiency in the 
entire B 2 complex results (1) in a clinical state resemblbg chick 
dermatitis and which may be called pigeon dermatitis; (2) in anemia 
characterized by reduction in both hemoglobin and erythrocyte 
count but particularly in the latter; and (3) failure of response of 
either anemia or dermatitis to riboflavin, nicotinic acid, vitamin 
Be (rat anti-dermatitis principle); and the “filtrate factor” of Lep- 
kovsky; (4) striking response to dilute liver extract and to yeast 
and a possible response to the purified chick anti-dermatitis factor of 
Elvehjem. Other substances in the Bo complex, namely Factors Be, 
B4, Be, various combinations of factors, or unknown factors may be 
implicated. There can be no doubt that the pigeons in these experi- 
ments were deficient in these factors, but for want of pure extracts 
of these substances, nothing definite can be stated regarding their 
relationship to the deficiencj’’ produced. The reticulocyte response 
with Elvehjem’s chick dermatitis factor may indicate tliat this 
substance, together mith some other, is implicated. The complete 
lack of response to a closely comparable substance— "filtrate factor” 
—is peculiar and indicates that these substances are not identical. 

B. Pigeon Anemia. It is evident that a definite anemia develops 
in pigeons kept on a diet of polished rice supplemented with injec- 
tions of thiamin chloride. This anemia is compatible with life over 
a period of several months and is not simply a terminal event. 
Indicative of the fact that it is primarily due to a deficiency and not 
to other unrecognized factors are: (1) its gradual development as 
the deficiency progresses; (2) tlie hyperplastic appearance of the 
marrow with "maturation arrest,” quite typical of a deficiency 
state; (3) the well-marked reticulocytosis (and erj'throcytosis) 
which result when the deficient substance is added to the diet; and 
(4) the gradual improvement in the clinical status of the affected 
pigeons. 

The development of anemia in pigeons on deficient diets has had 
some previous study. Bluffer^ studied the effects of various sub- 
stances during recovery from the marked anemia and inanition 
produced by a period of complete starvation for 7 to 13 days. A 
mixed grain diet and broiled beef muscle contained elements which 
allowed complete recovery. The use of broiled beef liver, after an 
initial recovery of the red cell and hemoglobin levels was associated 
with an exacerbation of anemia, and later anorexia and marked weight 
loss. Liver after water extraction was without effect on the anemia 
of starvation, but liver after dilute alcohol extraction caused a 
complete remission. Bluffer ascribed this to the removal of some 
inhibiting factor present in liver, although it is possible that the lack 
of effect after water extraction might have been due to the loss of 
various factors of the B 2 complex present in liver and soluble in 
water. 

Barlow,^ also using the starvation technique, found tliat grain 



PIGEONS OF A DISTINCTIVE 


VITAMIN B DEFICIENCY 535 


and beef muscle caused improvement of anemia in most cases. 
Cooked or raw beef liver were without effect; however, when beef 
muscle and beef liver were both given, the anemia irnproved. Bar- 
low also found that a diet of polished rice or a synthetic diet deficient 
in Vitamin B factors produced an anemia. This anemia was pre- 
vented and cured by Harris’s yeast extract, but not by the Lilly 
liver extract 343 (Fraction G of Cohn). ^ He attributed the ineffec- 
tiveness of liver to its deficiency in certain factors of the B vitamin. 

Hogan, Richardson, and Johnson,^® after producing beri-beri in 
pigeons by a deficient diet, gave large doses of concentrated Vitamin 
Bi. Within 1 week, recovery from polyneuritis had occurred, but 
a severe anemia was present with a red cell level below one million. 
This anemia yielded to a low calorie diet adequate in vitamins, but 
did not respond to flavin or the anti-dermatitis principle(s). 

The anemias produced by Muller and Barlow are hardly com- 
parable with the type produced in our experiments. The rapid onset 
of the anemia and the marked inanition are indicative of multiple 
deficiencies. In Barlow’s experiments with a diet of polished rice 
without added Bi the lack of the latter factor might well have led to 
changes in the gastro-intestinal tract, the liver, and the bone-marrow 
long before the ehanges due to deficiency in the B 2 complex could 
occur. The work of Hogan et aL is somewhat more similar to our 
own, but here again the preliminary depletion of Bi might conceivably 
promote changes initiating the rapid onset of anemia. 

C. Anemias With Bi Complex Deficiency in Other Species Than 
Pigeon. It is hazardous to compare deficiencies of one species with 
those of another. In the first place, deficiencies of one fraction of 
B 2 complex may produce pathologic changes in one species and not 
in another; e. g., rats do not require nicotinic acid,® the lack of 
which produces black tongue in dogs and pellagra in man. In more 
closely related species this is also true. Lack of riboflavin does not 
produce dermatitis in chickens but does so in turkeys.^®® In the 
second place, the same symptom in different species may be due to 
deprivation of different factors in the B 2 complex. Thus, rat der- 
matitis is cured by Be, a fraction of yeast which is absorbed by 
fuller’s earth, whereas chick dermatitis is not affected by Be but is 
relieved by filtrate factor,” the filtrate resulting from removal of 
the above adsorbate. Finally, the diets described have differed in 
other particulars besides those of the known vitamins. For example, 
lack of certain fatty acids w'ill cause rat dermatitis despite the pres- 
ence of Be.-* 

Anemia frorn a deficiency in various fractions of the B vitamin 
has been described in dogs, monkeys, swine, rats, and chickens. 


Oflfiw Bhoads“ fed a pellagra-prpducing diet (deficient in 

xvUh m obtained a macrocytic anemia 

improvement with Uver 
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Spies, with a similar diet, produced anemia which was prevented by 
ventriculin and cured with yeast. 

Birch, Gyorgy, and Harris® produced anemia with a diet containing Be, 
but not P-P or lactoflavin. This anemia responded to fish (which has no 
lactofla^’in) and to the LiUy liver extract 343 (which has no Bo), i. e., the 
anemia was due to some other factor of the B 2 complex. 

Fonts et fed puppies a diet deficient in Bo but containing casein, Bi, 
riboflavin, and filtrate factor. The anemia which developed responded by 
a reticulocyte crisis and increase in red cell and hemoglobin levels to purified, 
and later, crystalline vitamin Bo. 

Monkeys. Day et al.,^ using a modified Goldberger diet, produced 
anemia which was prevented by brewer’s yeast. 

Wills et using a similar diet, produced anemia which responded to 
“marmite” and liver extract. Liver extract was divided into two factors, 
one soluble in (NH4)2S04, and the other insoluble. The soluble fraction 
was usually effective in both pernicious anemia and the deficiency anemia 
in monkeys, although an occasional monkej’- required both fractions. The 
insoluble fraction was effective in pernicious anemia but without effect 
in monkey anemia. This anti-anemia factor for monkeys w'as present in 
yeast, marmite, and wheat germ. They make the statement, although they 
give no evidence, that this factor is neither Be nor the filtrate factor. 

Rats. Sure, IGk, and Smith*® fed rats a diet deficient in the vitamin B 
complex plus 500 mg. (daily) of rice polishings irradiated for 10 hours to 
destroy vitamin G._ Some animals tended to less weight, while others 
developed a dermatitis. There was a much higher correlation of anemia 
with dermatitis than with weight loss. 

Guha and Mapson*^ produced anemia on a basal diet .supplemented by 
Bi. Autoclaved liver extract, as well as autoclaved marmite, corrected 
this. 

Manville and Grondahh® placed their animals on a basal B free diet sup- 
plemented with varying amounts of yeast. After anemia developed, the 
animals were placed in a low pressure chamber. They found that with the 
higher percentages of yeast, the low pressure had a greater effect in stimu- 
lating the bone-marrow. Apparently some factor in yeast was necessary 
for the development of “megaloblasts” to normoblasts. 

Bethell and Sturgis,® using a milk diet, produced a macrocytic anemia 
which responded to vitamin Bj. This article is published in abstract form 
and further details are lacking. 

Swine. Miller and Rhoads*' produced anemia in swine on a dog black 
tongue diet. Some of the animals developed a macrocytic type of anemia 
while others developed a microcytic form. The bone-marrow was hyper- 
plastic and megaloblastic. Both types of anemia responded to Lilly’s liver 
extract 343 (Fraction G) . Control animals on Vegex or egg white developed 
no symptoms except achlorhydria. Egg white is deficient in both Bo and 
in the anti-chick dermatitis factor (F. F.). 

Chickens. With chickens fed on the Koehn-Elvehjem diet, Birch, 
Gyorgy, and Harris® believed that these animals became anemic “as judged 
by the striking pale condition of their combs." When the maize, middlings, 
and extracted caseinogen were not heated, anemia did not develop. Yeast 
was ineffective in preventing the anemia. 

Comment. Although these investigations with deficient diets in 
various animals present certain discrepancies and inconsistencies, 
in general they show the same trend. The inconsistencies are in all 
probability due, not only to species variations, but to the difficul- 
ties inherent in preparing exactly comparable diets. Furthermore, 
until very recently, the various factors had not been available in 



PIGEONS OF A DISTINCTIVE 


VITAMIN B DEFICIENCY 53 1 


sufficiently pure form to make one certain of tbe nature of the specific 
agent responsible for a therapeutic result. The situation in regara 
to recognition and purification of the various factors of the Bz 
complex shows such rapid change that a publication of even a year 
ago is by now outdated. In the last 2 years alone, nicotinic acid 
has been recognized as the. P-P factor, vitamin Be has been isolated 
in crystalline form, and the chick anti-dermatitis factor of Elvehjem 
has been stated to be pantothenic acid.^® Although experimenta- 
tion is naturally rendered more exact by the use of pure substances, 
certain complexities are, however, introduced because of the possi- 
bility that combinations of 'pure substances may be necessary for 
a given effect. Several substances are still present in the Bz complex 
which (until today) have not been isolated in pure form: Vitamins 
Ba, B 4 , Bs, W factor. Still other factors, whose physiologic effects 
have not even been recognized, are undoubtedly present in yeast 
and liver. 

In the present state of our knowledge we can state quite definitely 
that a diet deficient in vitamin B produces a deficiency state usually 
accompanied with anemia in a variety of animals: pigeons, dogs, 
monkeys, rats, chicks, and swine. This anemia has responded in 
most instances to crude liver extract and to yeast. Little progress 
has thus far been made in elucidating which of the numerous factors 
in these substances is responsible for the anemia. Our investiga- 
tions definitely exclude vitamin Bi, riboflavin, nicotinic acid, 
vitamin Be, and in all probability the filtrate factor of Lepkovsky. 
Since the anemia in our cases was not microcytic and did not re- 
spond to Be, it must differ from the hypochromic anemia produced 
by Pouts et al. in puppies. The reticulocytosis which occurred 
following the injection of the purified chick anti-dermatitis principle 
of Elvehjem may indicate that this factor is at least partially 
responsible for the anemia. Isolation of another factor or co-factor 
must await further investigation. 

The findings in the bone-marrow of hyperplasia and immaturity 
("maturation arrest”), the hematological findings, and the develop- 
ment of a reticulocyte crisis and erythrocyte response when effective 
substances were given resemble those seen in the "liver extract” 
deficiency state of humans known as “pernicious anemia.”’ The 
changes in the feathers and epidermis are perhaps comparable to 
such clinical phenomena in pernicious anemia as greying of the hair, 
baldness of the tongue, and so on. These similarities may indicate 
a possible relationship between the experimental pigeon dermatitis 
and the human disease. Pernicious anemia has been amply demon- 
strated to be a deficiency disease. The exact type of deficiency 
which is present has thus far not been elucidated, although the Bz 
complex may be involved. In most instances this deficiency is “con- 
ditioned,” as Castle has pointed out, by a gastric abnormality. In 
many cases, however, an inadequate diet together with a gastro- 
intestinal defect, is responsible for the development of the syndrome 
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Some cases in which the dietary factor is outstanding will respond 
simply to a diet rich in protein substances and ‘ontaining vitamin B 
in excess.^ Wmtrobe’s experiments with yeast and yeast products 
indicate that yeast alone is frequently effective in the therapy of 
pernicious anemia.®^ This may indicate either (1) tliat Castle’s 
enzyme is not a prerequisite for the final elaboration of “liver extract- 
substance;” (2) that yeast, when given in excess, contains so much 
“extrinsic factor” that is sufficient even with the small amount of 
“intrinsic factor” probably present, to initiate a response; or (3) that 
both yeast and liver extract contain quite similar factor(s). 

Our studies, which demonstrate that botli dilute liver extract 
and yeast concentrate are effective in pigeon B; complex deficiency 
anemia bring the problem to about the same stage. The anti-per- 
nicious anemia principle was apparentlj’’ not of itself entirely effec- 
tive in our anemia. Thus, in one pigeon, although a well-marked 
reticulocytosis ensued with dilute liver extract, no rise in erj’thro- 
cytes occurred until yeast was given. In several other pigeons, 
highly concentrated liver extracts, containing presumably anti- 
P.A. principle in excess, and with but little vitamin B comple.x, 
caused a slow, rather ineffective response as compared with that of 
yeast. For these reasons, it is apparent that, although pigeon 
dermatitis and pernicious anemia have certain points of resemblance 
they are probably not due to the same type of deficiency. 

The various attempts to use normal pigeons as assay animals in 
testing liver extracts---^® are probably invalidated, since the results 
which have occurred are probably due to a factor or factors in the 
Bs complex and not to the anti-P.A. principle itself, ’i^ether the 
latter will eventually be shown to be one of the numerous substances 
present in the B 2 complex remains to be seen. At any rate, the 
complexities of liver extract and of yeast offer a continued challenge 
to investigators in chemical, biological, and clinical fields. 

Summary and Conclusions. 1. Pigeons on a diet of polished rice 
with added vitamin Bi (thiamin chloride) parenterally developed 
a deficiency state (pigeon dermatitis) characterized by: 1, loss of 
weight, changes in the feathers and epidermis; and, 2, progressive 
anemia associated with a h 3 q)erplastic, immature marrow. 

2. This deficiency state did not respond to riboflavin, nicotinic 
acid, vitamin Be, or filtrate factor (Lepkovsky). 

3. Striking clinical and hematological responses occurred with 
yeast concentrate, dilute (parenteral) liver extract, and (parenteral) 
B 2 complex. Concentrated liver extracts gave either a partial or a 
delayed response. Elvehjem’s purified chick-anti-dermatitis prin- 
ciple resulted in a definite reticulocyte response which was, however, 
not followed by an erythrocyte increase. 

4. Pigeon dermatitis is due to a deficiency in a factor or factors 
in the vitamin B 2 complex. This factor does not appear to be ribo- 
flavin, nicotinic acid, or vitamin Bs. It is probably not identical 
with the liver-extract-principle effective in pernicious anemia. 
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The chick anti-dermatitis principle, either alone, or m association 
with some unknown factor, may be the vitamin which is responsible 
for the deficiency state. 

5. The findings in the bone-marrow and the striking hemato- 
logical responses to yeast and dilute liver extract resemble those 
seen in the “liver extract” deficiency state of hurnans (pernicious 
anemia). ^Vhether this indicates a possible relationship between 
pigeon dermatitis and pernicious anemia is problematical. At any 
rate, the complexities of yeast, the B 2 complex and liver extract cmi" 
tinue as outstanding challenges to investigators in numerous fields. 
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FOCI OF INFECTION IN PSYCHIATRIC PATIENTS. 


By Charles Howard Brovt7, M.S. M.D. 

EESIDEOT IN MEDICINE, HENHY FOBD HOSpWl, 
DETHOIT, MICH. 


The causal relationship of foci of infection to general systemi( 
diseases was recognized by Benjamin Rushs'^ in 1819 in a case o 
arthritis which recovered after removal of dental infection. Ii 
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Tabue 2.— Foci or Intection bv Number op Foci Examikations. 


Number of Number of % having one than one focus 

foci checks. patients. focus of infection. of infection. 

None 23 0 0 

One 14 40 0 

Two 42 40 14 

Three 89 6S 19 

Four 71 75 37 


239 


From Table 2 we see that the majority of our patients had a 
minimum of 3 foci examinations (160 out of 239), while 202 out of 
239 had at least 2 foci checks. Unfortunately, the mental condition 
present in our type of patient made foci checks difficult or sometimes 
impossible. A further circumstance that made it impossible for 
all the patients to receive all the examinations was that some left 
the hospital before the studies could be completed. 

Table 2 shows that witii the greater number of cliecks the known 
incidence of focal infection rises— 40% in tlie group that had 1 and 
2 checks, and 75% in the group that had 4 checks. An axiom of 
modern medicine that this confirms is simply that tlie knoi\Ti inci- 
dence of focal infection in any group of patients is in direct propor- 
tion to the thoroughness with which the patients are examined for 
such foci. 

It would seem probable that if our entire group had tlie 4 foci 
examinations the incidence of focal infection in our entire series 
would approximate 75%. This compares favorably with the inci- 
dence of focal infection (70%) Pemberton found in 1100 arthritic 
patients. Consequently it is evident that the incidence of focal 
infection is approximately the same in a group of arthritic patients 
as in a group of apparently physically normal patients. 


Table 3.— Foci of Infection by Systems. 

* 



Nose- 

r 



Cardio- 


throat. 

Dental. 

Urol. 

GjTiec. 

resp. 

Number of cases checked for foci . 

ISO 

174 

100 

67 

125 

Foci present 

Per cent of cases checked having 

SO 

65 

17 

15 

13 

foci present 

Per cent of cases checked having 

44 

37 

17 

22 

2.4 

other pathologic conditions pres- 
ent 

22 

29 

1 

21 

66.S 


From Table 3 we see that the most common site for a focus of 
infection is in the nose and throat, which agrees with the early work 
by Billings.”"'*' In Pemberton V*" study of 100 consecutive hospital 
admissions, he found the dental and nose and throat foci of infection 
to be about the same in incidence (58% and 56%). Dental foci of 
infection were present in a little over one-third of our patients, 
while two-thirds of our patients needed dental treatment. The 
next most common focus of infection lay in the genito-urinary tract 
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Urologic foci of infection were found to be present in 17% of the 
100 cases examined; 16% had chronic prostatitis, 2% non-specific 
urethritis and 1% crj^ititis. Of our paretic patients 33% had a 
focus of infection in the genito-urinary tract, while only 10% of all 
our other cases had such an infection. We believe this to be entirely 
logical because there is a high probability that the man who con- 
tracts syphilis will also contract a Neisserian infection with the 
resultant chronic prostatitis developing in later jmars. One patient 
had a malignant kidney tumor. 

Table 6. — Pathologic Gynecologic Conditions. 



Cases. 

% of cases 
checked. 

Foci preseat: 

Chronic cervicitis 

12 

IS 

Salpingitis 

2 

3 

Trichomonas 

1 

1.5 

Other conditions; 

Fibroids 

3 

4.5 

Labial cysts 

3 

4.5 

Rectocele and cystocele .... 
Kraurosis vulva, poliT), pregnancy, 

2 

descensus uteri. 

3 each 

and so forth 

1 

1.5 each 


Table 6 shows that chronic cervicitis is relatively common in 
women; other foci of infection are relatively uncommon. 


Table 7. — Cardiorespiratory Conditions. 


Foci present: 

Bronchitis 

Other conditions: 

Arteriosclerosis 

Hypertension 

Luetic heart disease or aortitis . 

Coronary sclerosis 

Angina and rheumatic heart disease 
Tuberculosis 


Cases. 

2 

16 

8 

8 

3 

2 each 
1 


% of cases 
checked. 

1.6 

12.8 

6.4 

6.4 

2.4 

1.6 each 
0.8 


From Table 7 we see that the incidence of foci of infection is 
very low in the chest. However, other conditions are relatively 
common, arteriosclerosis being present in 12.8% of our cases and 
hypertension in 6.4%. Our incidence of luetic- heart disease is 
undoubtedly not the normal incidence, because of the inclusion in 
our group of 50 paretic cases. It is noteworthj’- that 17% of our 
paretic cases, when checked by the heart specialist, Roentgen ray, 
and the electrocardiogram, had signs of syphilitic involvement of 
the heart or the aorta. Morgan* states that from 10 to 15% of acute 
untreated cases of syphilis developed cardiovascular sjTphilis. It is 
obvious, with 17% of our cases of neurosyphilis developing cardio- 
vascular syphilis, that the development of neurosj^ihilis confers 
no immunity at all against the development of cardiovascular 
syphilis. 

' The above figure of 17% of our paretic patients developing cardio- 
vascular syphilis certainly indicates the necessity of a careful heart 
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examination before any fever therapy is attempted in a paretic 
patient, although Stokes’ states that the paretic patient with cardio- 
vascular syphilis can often be carefully coaxed through two short 
sieges of malaria. Jauregg .(quoted by Stokes) believes, however, 
that vascular syphilis in patients with paresis is often made worse 
rather than better by malaria. Be that as it may, it is certainly 
necessary, with the high incidence of cardiovascular syphilis in 
paretics, that every paretic patient have a very careful cardiovascu- 
lar check before any fever therapy is attempted. 

Summary and Conclusions. Two hundred and thirty-nine patients 
who were hospitalized because of mental rather than physical illness 
were studied for foci of infection. Of these eases, 62.8% had foci of 
infection present. 

It is obvious, with the high incidence of foci of infection in 
physically normal patients, that every patient should have a very 
careful examination for foci of infection. 

Since 62.8% of our group of patients had foci of infection without 
developing arthritis, it is evident that other conditions must be 
present in the arthritic patient than just a focus of infection. It has 
been suggested that the arthritic patient is allergic to the bacteria 
present or that there is some constitutional hereditary predisposition 
to arthritis. 

The incidence of foci of infection found in any group of patients 
is directly proportional to the thoroughness with which such 
patients are examined for foci of infection. 

The most common sites of foci of infection in our study were the 
nose and tliroat (44%), dental (37%), gynecologic (22%), urologic 
(17%), and cardiorespiratory (1.6%), The most common nose and 
throat infection were chronic tonsillitis and chronic sinusitis. The 
most common dental infections were apical abscesses and pyorrhea. 
The most common urologic focus of infection was chronic prostatitis, 
which appears to be more common in paretic patients (33%) than 
in other patients (10 %) . The most common focus of infection in the 
female genitalia was chronic cervicitis. 

Foci of infection in the chest are rare, yet other conditions are not 
uncommon. Of our paretic patients, 17 % had cardiovascular syph- 
ilis, a fact that indicates the necessity of examining every paretic 
patient verj'^ carefully for cardiovascular involvement before they are 
treated with fever therapy. 
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ADIE’S SYNDROME. 

A Non-luetic Disease Simulating Tabes Dorsalis* 

By John McDowell McKinney, M.D., 

ASSOCIATE ATTENDING NEUROLOGIST, NEUROLOGICAL INSTITUTE; ASSOCIATE IN 

NEUROLOGY, COLLEGE OP PHYSICIANS AND SURGEONS, COLUMBIA UNIVERSITY, 

AND 

]\1aurice Frocht, M.D., 

ASSISTANT ATTENDING NEUROLOGIST, NEUROLOGICAL INSTITUTE; INSTRUCTOR IN 

NEUROLOGY, COLLEGE OF PHYSICIANS AND SURGEONS, COLUMBIA UNIVERSITY, 

NEW YORK CITY, 

In 1931 W. J. Adie’® presented 5 cases illustrating a sjnidrome 
which was frequently diagnosed as tabes but was not tabes. This 
sj^ndrome was characterized by the tonic pupil apd the loss of one 
or more deep reflexes. These symptoms are chronic. They do not 
get worse or get better and they are not due to syphilis. 

In 1932 Adie'^ enlarged this syndrome to include tj'pical and 
atjqDical types. The typical case shows an unilateral tonic pupil 
and one or more absent deep reflexes. These signs remain station- 
ary, do not otherwise impair the patient’s health and tend to occur 
in younger people, more frequently in females than in males in a 
ratio of about 5:1. 

The atypical cases are classified: 1, tonic pupil alone; 2, atypical 
phases of the tonic pupil alone; 3, atypical phases of the tonic pupil 
with absent deep reflexes; 4, absent deep reflexes, without pupillary 
changes. 

The typical tonic pupil may be tonic to both light and in accom- 
modation, but most frequently is fixed to light, dilates slightly in 
the dark and reacts tonically in accommodation. The tonic reac- 
tion is characterized by the slow response to the stimulus usuallj'' 
with a latent period or delay before the response begins to take 
place. Moore®’®'*’ states that one case showed a delay of 5 minutes 
before the reaction in accommodation began. The tonic pupil 
contracts very slowly and may eventually become smaller than the 
normal. 'V'iTien the stimulus is removed it may continue to con- 
tract (rare), may remain stationary for several seconds (the rule), 
or may proceed to dilate at once (common), dilation once begun 
tends to proceed at a rate even slower than that of the preceding 
contraction, and many seconds, or even minutes elapse before it 
regains its usual resting size. 

A tjqiical tonic pupil is larger than normal and unilateral; but it is 
subject to sudden variations in size, sometimes concomitantly with 
emotional stress. It is regular in outline. It dilates well with 
mydriatics and contracts with eserine. Repetition does not facili- 

* Read before the American Neurological Association, June 7, 1939, at Atlantic 
City, N. J. 
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tate the movement as it does in myotonia of skeletal muscle and 
the tonic quality is unaffected by the administration of quinine. 

An atypical tonic pupil may be bilateral. It may be smaller or 
of the same size as the affected pupil and may be oval in either the 
vertical or horizontal diameters. There may be a tonic pupil on 
one side and a fixed pupil on the other. Adie includes certain cases 
of a fixed pupil, iridoplegia or ophthalmoplegia interna in this group. 
Hippus has frequently been reported in association with the tonic 
pupil. 

The loss of deep reflexes is typically confined to the ankle jerks 
and is most often unilateral. Adie states that the arm jerks have 
never* been lost in any of his patients, and that he has never seen 
an absent knee jerk unless the ankle jerk on the same side is also 
absent. Furthermore, these cases never show ataxia or sensory 
changes. 

We are presenting 7 cases of Adie’s syndrome. Moving pictures 
of the characteristic signs in these cases have been taken by Dr. 
Maurice Frocht. Stills from these moving pictures are used as 
illustrations in this article. 

Case Abstracts. Case 1.— A 32-year-old married white woman, had a 
dilated right pupil which was fixed to light but gave the typical tonic reac- 
tion in accommodation. The deep reflexes were normal. 

Suddenly on September 1, 1936, this patient noticed a blurring of vision 
in her right eye. She consulted her physician that same day who made the 
note that the right pupil was dilated, fixed to light and reacted slowly in 
accommodation. Aside from this, her physical examination was normal. 
Roentgen ray examination of the sinuses and cervical spine were reported 
normal. The blood Wassermann reaction was negative on 3 occasions. 
The spinal fluid examination and the spinal Wassermaim reaction were 
negative. 

In spite of these negative findings, this patient was given a course of anti- 
luetic therapy. In the Fall of 1937 this patient was seen by Dr. W. Guern- 
sey Frey at the Eye Clinic at St. Luke’s Hospital (No. 38279). Dr. Frey 
made the diagnosis of Adie's syndrome and has very kindly aUowed me to 
include this case in this series. 

The pupils in this case are typical of the Adie’s syndrome. The case is 
atypical in that there are no reflex changes. 

Case 2. A married white woman of 28, had a dilated left pupil which 
did not react to light but showed the typical myotonic reaction in accommo- 
dation and an absent left ankle jerk. She also suffered from convulsive 
seizures, diagnosed at the Neurological Institute as idiopathic grand and 
petit mal. 

This patient reported to the Vanderbilt Clinic (No. 544153) on March 7, 
1938, because of her convulsive attacks which she had had for 12 years. 
She had no previous knowledge that one pupil was larger than the other 
and had never noticed any difficulty with vision. She entered the Neuro- 
logical Institute for study March 10, 1938, and was discharged March 26, 
1938, with the folloMng diagnoses; (1) idiopathic grand and petit mal; 
(2) pregnancy 2 to 3 months’ duration; (3) Adie’s sjmdrome. The left 
pupil was larger than Ihe right, regular in outline. It did not react to light 
but reacted very slowl}’’ in accommodation, eventually approximating the 

* Two cases reported by Kennedy in a series of 5 were said to show absence of all 
deep reflexes. 
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right pupil in size. On ceasing to accommodate, the left pupil returned 
very slowly to ite former size. The left pupil dilated slowly in the dark. 
The consensual light reflex was present from left to right, but not from right 
to left. One drop of 1 % eserine in each eye produced a contraction of each 
pupil to about 1 mm. in diameter. Intramuscular injection of prostigmin 
increased slightly the speed of reaction of the left pupil to accomodation 
but did not otherwise affect it. Ten grains of quinine hydrochloride by 
mouth produced no change in the pupUlary reaction. The left ankle jerk 
was absent. 



Fig. 3 Fig. 4 


Fig. 1. — Case 1. The pupils at rest. 

Fig. 2. — Case 1. The reaction of the loft pupil to light. 

Fig. 3. — Case 1. The reaction of the right pupil to light. 

Fig. 4.— Case 1. The reactions of both pupils to accommodation-convergence. It took 
approximately 2 minutes for the left pupil to contract in accommodation and approximately 
3 minutes for it to return to its resting size after the action in accommodation ceased. 

Careful laboratory studies, including the blood count, analysis of the 
urine, blood sugar, mea-nitrogen, glucose tolerance, and spinal fluid exam- 
inations were all normal. The Wassermann reaction on the blood and spinal 
fluid was negative in all dilutions. Roentgen ray of the skull showed no 
abnormalities. The encephalogram was reported by Dr. Dyke as showing 
mild cerebral and cerebellar hypoplasia or atrophy. The Aschheim-Zondek 
test was positive. 

Course.— This patient’s pregnancy was normal and her child was born in 
October, 1938. She is still under treatment in the Vanderbilt Clinic for 
her convulsive disorder. The pupillary findings are unchanged and the left 
ankle jerk is still absent. 
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Case 3.* A Puerto-E-ican of 51, presented a dilated right pupil which 
did not react to light or in accommodation and an absent right anlde jerk. 

This man was admitted to St. Luke’s Hospital (No. 42001) for the first 
time on October 6, 1937, complaining of pains in various parts of the body. 
Because of language difficulty his history was difficult to obtain. He reports 
having had a sore on his penis in 1902 which cleared up in a few weeks with 
local treatment. In 1912 he first noticed that his right pupil was larger 
than the left. Aside from the difference in size of the pupils, he had no 



Fig. 7 Fig. 8 


Fig. 6. — Case 2. The dilated right pupil which did not react to light but reacted tonically 
in accommodation. 

Fig. 6. — Case 3. The dilated left pupil which did not react to light and reacted very 
slightly in accommodation. 

Fig. 7. Case 4. The dilated left pupil which reacted imperfectly to light and tonically 
in accommodation. 

Fig. 8. Case 7 . The dilated right pupil which did not react to light and reacted tonically 
in accommodation. 

sjnnptoms at this time. In 1917 he developed a rash which was fairly 
generalized and itching. He was told that his Wassermann reaction was 
1+ and he was given 6 injections in the vein of his arm and 10 injections in 
the buttocks. 

The neurologic examination showed the right pupil to be large, regular 
and fixed to light and in accommodation. The right ankle jerk was absent. 
There was diminished hearing in the left ear of the middle ear type and the 

* These first 3 cases were presented before the New York Neurological Society. 
Aprils, 1939. 
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tonsils were enlarged and infected. Laborator}’' tests including analysis 
of the urine, blood count, blood sugar, and spinal fluid were normal. Kline 
and Wassermann tests were negative on both the blood and spinal fluid. 

This patient’s pains were thought to be due to arthritis. He was read- 
mitted to the hospital in May, 1938, for a tonsillectomJ^ His blood and 
spinal fluid Wassermann reactions were repeated at this time and were 
negative. Again on a subsequent admission in Februarj’’, 1 939, for an attack 
of asthma the blood Ifline test was reported negative. ’IWien last seen in 
May, 1939, the neurologic status was the same as reported above. 

Now 51 years of age, he first noticed the enlargement of the right pupil 
in 1912 at the age of 24. It is unilateral and has persisted for 27 years. 
The right ankle jerk is absent and his serologj" has been repea tedl}" negative. 
In spite of the history of a 1-f Wassermann and a series of injections in 
1917 we believe that this patient is an at5’^pical case of Adie’s s5mdrome. 

Case 4. A 40-j’^ear-old business man, showed a dilated left pupil which 
did not react to light and reacted tonically in accommodation. Both ankle 
jerks were absent and the left knee jerk could not be obtained. 

In December, 1927, at the age of 27 this patient first noticed that the left 
pupil was larger than the right. His attention was called to this by the sud- 
den onset of blurring of \dsion and an increased sensitivity of his eyes to 
bright lights. He was carefully examined bj' his family doctor at this time 
and in February, 1928, he was seen by Dr. George Hyslop, who made the 
following note : “The left pupil did not react to light and was slightly irreg- 
ular. I noticed after a moment or two, the left pupil would spontaneously 
reduce in size. There seemed to be at times a delay in contraction to accom- 
modation. The neurologic examination was otherwise negative save for 
diflBculty in obtaining the knee and ankle jerks.” The Wassermann reac- 
tion on the blood and spinal fluid was negative. 

After 6 years observation, in 1934 the following note was made by Dr. 
Hyslop. “The right pupil at first w'as slightly larger than the left, sliowed a 
paradoxical response to direct light. The left pupil showed no reaction to 
light. A few moments later, in a darker room, the left pupil became larger 
than the right. I did not get the knee or ankle jerks.” 

Referred to me by Dr. H3'sl6p in April, 1939, he stated that after repeated 
assurances from Dr. Hyslop as to the benign nature of his_ condition he finally 
put the matter out of his mind. My examination was similar to that made 
in 1934 except that the right knee jerk was obtained. The left pupil in its 
resting state was larger than the right. 

Case 5. The 8-year-old son of Case 4. The father noticed that the 
boy’s left pupil was larger than the right when he was 3 years of age. This 
condition has remained constant since. As the boy was perfectly weU in 
every other respect no medical examination was made until he was brought 
in to see me at my request in April of this year. 

The physical and neurologic examinations were entirely negative except 
for the anisocoria and diminished ankle jerks— right more than left. The 
left i)upil was larger than the right. Both pupils reacted promptly to light 
and in acconnnodation and dilated promptly when the stimulation was 
removed. Both pupils showed a definite hippus. 

While this patient does not show the typical reactions of the Adie pupil, 
these findings in conjunction with those of the father are highly suggestive. 
There is one other child in the family— a girl of 11 whose pupillary reactions 
and deep reflexes are entirely normal. 

Case 6. A 15-year-old Italian girl, showed a dilated left pupil which 
reacted imperfectly to light and tonically in accommodation. _ Both ankle 
jerks were absent and the knee jerks were obtained only on reinforcement. 
She also had suffered from arrested pulmonary tuberculosis.^ 

This patient was admitted to St. Luke’s Clinic (No. 8582) in November, 
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1937 with, pulmonary symptoms dating back to July of ^^-t year, -^diag- 
nosis’ of pulmonary tuberculosis was made and an artificial pneunaothorax 
was produced on the left side. She then spent several months in different 
sanitaria. The inequality of the pupils and absent a,nMe jerks were first 
noticed in July, 1938, and she was returned to St. Luke s hospital in Au^st, 

1938 for study. Her Wassermann reactions and the blood and spinal num 
were’ normal. I saw the patient in consultation on September 7, 1938. 
At that time her left pupil was larger than the right. It reacted poorly and 
imperfectly to light but was subject to spontaneous variations in size, it 
showed the typical tonic contraction in accommodation. The knee jerks 
could only be obtained on reinforcement and the ankle jerks were both 

^^TWs patient has been seen on repeated occasions since this time, the last 
visit being in May, 1939. Her pulmonary condition seems to be completely 
arrested but the pupillary and reflex changes remain the same. 

Case 7 was a 28-year-old single woman of Italian descent showing a 
dilated left pupil which did not react to light but reacted tonically in accom- 
modation. Both ankle jerks were absent and the knee jerks unequal, the 
left being greater than the right. 

In July, 1938, this patient noticed the difference in the size of her pupils 
while looking in the mirror. Because of this she reported to the Private 
Clinic of the Neurological Institute (No. 39090) in August, 1938, and was 
examined by Dr. Alfred Gallinek who has kindly referred the case to me. 
At the time of her admission to the clinic in August, 1938, the left pupil 
was larger than the right. The ankle jerks were absent and the right knee 
jerk was diminished. The blood Wassermann reaction was negative. 
The spinal fluid was not examined. 

When last seen by me (April, 1939) the pupillary and reflex changes were 
the same as described by Dr. Gallinek in August, 1938. 


Differential Diagnosis. The Argyll Robertson pupil is usually 
bilateral. The pupils are small and irregular. They do not react 
to light, react promptly in accommodation and dilate promptly 
once the effort at accommodation ceases. . They react imperfectly 
and slowly to mydriatics. With the exception of the lack of response 
to light, these characteristics are diametrically opposed to those of 
the tonic pupil. 

Another and to my mind very important characteristic of the 
Argyll Robertson pupil which differentiates it from other forms has 
been pointed out by McGrath^® and that is atrophy of the iris which 
gives to the syphilitic eye that peculiarity so often noted by older 
clinicians. 


Diphtheria occasionally gives rise to an ophthalmoplegia interna 
but never a tome pupil. The pupillary changes following diphtherii 
appear about 10 weeks after the onset of the disease, are bilatera 
and get completely w^ell in a month or two. 

True tonic pupils have never been reported as due to epidemi 
encephalitis and no case of Adie’s syndrome per se has ever showi 
any of the early or late symptoms of this disease: 
ihe possibility of the tonic phenomenon being related to myo 

of the blin 

be intact in the Adie nun 
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tonia congenita, Thomsen’s disease, is" one to be reckoned with. 
However, the absence of myotonic phenomena in skeletal muscles 
in all of these cases, the fact that repetition does not tend to quicken 
the reaction of the pupil, and that quinine has no effect upon it, 
makes this association seem unlikely. 

Anisocoria, such as is shown in Case 5, is said to exist frequently 
in children and in 10% of all normal cases (Fuchs^^). It may be 
produced by glaucoma, iritis, refractive errors, or the instillation 
of some drug. Also it may be observed in intracranial tumors, head 
injuries, intracranial hemorrhage, meningitis, either central or 
spinal and those conditions associated with Horner’s syndrome. 
Morax®^ has reported a case of sudden dilatation of one pupil with- 
out any other demonstrable ocular or nervous system lesion. Byrne ® 
lists the causes of anisocoria as follows: (a) reflex dilatation, (6) in- 
herent dilator tonus, (c) chemical dilator tonus, (d) reflex constric- 
tion, (e) inherent constrictor tonus, (f) chemical effector constrictor 
tonus. 

It is plain to be seen that not all cases of anisocoria fall into the 
group of the Adie s 3 mdrome. In the absence of demonstrable ocular 
and nervous system lesions, especially if there is any familial or 
hereditary incidence and the inequality of the pupil is associated 
with diminished or lost ankle jerks, one is justified in placing the 
case in this group. 

The inclusion by Adie of the fixed pupil as an atypical form of 
this sjmdrome in confusing inasmuch as the fixed pupil is undoubtedly 
part of manj'^ diseases of the nervous sj'^stem other than the one 
Adie describes. Within the limits set bj”- Adie in his original de- 
scription, namely, an unilateral fixed pupil of long standing in a 
young person, probably a female with or without loss of deep re- 
flexes, but without other neurological signs, this differential diagnosis 
can and should be made. 

Etiology. Both the localization of the lesion and the nature of it 
are still unknown. So far as I know, no autopsj’’ findings on a case 
of Adie’s sj^drome have been published. Adie’s statement that the 
tonic pupil is never caused bj’' s 3 ’'philis has been challenged bj’' the 
French school and 3 cases of tonic pupil allegedl^y due to sj^philis 
have been reported by L’hermitte,-® Harvier-“ and Laignel-Lavas- 
tine.^® In L’hermitte’s case the Wassermami reaction was reported 
as doubtful and in the latter 2 cases the serological reactions were 
negative. It can be fairlj’- stated that so far sj’^philis has not been 
established as the cause of the tonic pupil. Diphtheria and epidemic 
encephalitis seem definitelj"- to be ruled out. 

While this syndrome is associated with other diseases such .as 
epilepsjq arthritis, asthma and pulmonary'- tuberculosis, in my series, 
and with influenza, encephalitis, alcoholic poljmeuritis, d 3 ^sth 3 ’'roid 
states, various s 3 >-mpathetic disorders, ps 5 ''chopathic states and per- 
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nicious anemia as cited by Jelliffe«« there is a certain uniform 
similarity to these cases which I hope that I have iUustra,ted in th 
accompanying photographs and which is even more forcibly borne 
in upon one in reviewing the literature. I am therefore inclined to 
agree with Adie that this is a benign disease sm generis and that 
this syndrome co-exists with the other diseases such as those men- 
tioned above but is not caused by them. ^ • , 1 , 

In discussing the etiology from a theoretical standpoint three 
distinct phenomena must be accounted for. 1, The unilateral 
dilated pupil which reacts to mydriatics and eserine but not to 
light. 2, The tonic contraction of the pupil to accommodation- 
convergence. 3, The^ absence of ankle jerks and sometimes knee 
jerks. Under the first category we are obviously dealing with the 
paralysis of the pupilloconstrictor fibers of the pupil in response 
to light. These fibers are under the control of the parasympathetic 
sj^stem. The pupillodilator mechanism (sympathetic) is intact. 
According to Byrne® a lesion in the efferent tract is apt to give an 
unilateral change in the pupil while an afferent lesion is apt to give 
bilateral changes. Ranson^^ has demonstrated a small tract in the 
pretectal region between the posterior commissure and the oculo- 
motor nuclei the stimulation of hdiich causes marked constriction 
of the homolateral pupil and weak dilation of the contralateral 
pupil. It is conceivable that a paral 3 fsis or interruption of this 
tract would cause the reverse. Phenomenon No. 2 is even more 
difficult as it requires the existence of a lesion that will alter the 
tonus of the constrictor muscles of the pupil and ciliary body of 
one eye only and in a way usualty associated with excess secretion 
of acetjdcholine and stimulation of the parasj'^mpathetic system 
which is indeed a paradox. To explain Phenomenon No. 3 one must 
postulate a lesion which will alter the tonus of the lower extremities 
in such a way as to abolish the ankle jerk on one or both sides and 
sometimes the knee jerks. A peculiarly selective lesion in the pre- 
tectal region might conceivably account for all of these phenomena 
but the nature of the lesion is still an enigma. 

Dressier!®"'* reported the existence of this syndrome in 3 sisters 
of whose family history he made a careful study. Other cases 
existed in the families of both the mother and the father and there 
were several members of the familj'' on both sides who exhibited 
the_ phenomenon of Hippus either alone or in association with the 
tonic pupil. On the basis of this family, Dressier, believes that 
Adie s syndrome is an hereditary disease and that the inherited 
trait IS a recessive one. 

f Cases referred to by JellifTe shows them to be a conglomer- 
ate p-oup of pBerent ppes oi pupillary disturbances varying from Horner’s syndrome 
to the neurotonic pupil of W cstphal. Whereas a tonic pupillary response is described 
r f Wernicke’s polioencephalitis superior and otLr mSteaTn and 

AdL and endunng, pupillary and reflex changes such as 

Adie describes has ever been shown to result from any of these diseases. 
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Foster ]\Ioore reports a case of a man of 70 who had had a dilated 
tonic pupil for 40 years, whose sister and grand-daughter were 
similarly affected. Rudolf^® reports the existence of this syndrome 
in mother and daughter. Reese, discussing this paper, referred to 
a family in which 2 members had Adie’s syndrome and other mem- 
bers of the family had Huntington’s chorea. In mj'' own series I 
have examined as many of the relatives of these patients as could 
be located and except for the father and son reported as Cases 4 
and 5, there was no familial or hereditary incidence in this group of 
cases. 

Incidence. Aside from Adie’s three papers on this subject, pub- 
lished in 1931 and 1932, I have collected 50 additional articles on 
the subject through the year 1938. The 7 cases in this series have 
been collected in the last IS months. This therefore is not a rare 
disease and I believe it is still frequently overlooked and that many 
of these cases are still being treated for s\q)hilis in spite of negative 
serological reactions. 

Summary. Seven cases of Adie’s syndrome are presented and 
the various theories of the location and nature of the pathology of 
this condition are discussed. Still lacking definite proof, the facts so 
far elicited make the following statement tenable. Adie’s syndrome 
is a disease sui generis. It runs a chronic and benign course and 
may exist either alone or in conjunction with other diseases. It is 
perhaps heredodegenerative in nature, but it is not sj’philitic. 
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INTERPRETATION OF THE GLUCOSE TOLERANCE TEST. 

The Necessity of a Standard Preparatory Diet.* 

By Jerome W. Conn, M.D., 

ASSISTANT PROFESSOR OF INTERNAL MEDICINE, UNIVERSITY OF MICHIGAN MEDICAL 

SCHOOL, ANN ARBOR, MICH. 

(From the Department of Internal Medicine, University of Michigan Medical School.) 

It has long been known that starvation or restriction of carbo- . 
hydrate in the diet of animals or man results in a marked decrease 
in the ability to utilize carbohydrate. Ingestion of a test dose of 
glucose, under these conditions, produces hyperglycemia, glycosuria 
and a marked delay in clearing the blood of absorbed glucose. 
Although most investigators are fully aware of this phenomenon, 
the knowledge has not been applied in clinical medicine. 

The purpose of this report is to emphasize how much the compo- 
sition of the previous diet may affect the glucose tolerance test and 
its interpretation. Since, in mild or questionable cases of diabetes 
rnellitus or in the differential diagnosis between non-diabetic and 
diabetic glycosurias, the glucose tolerance test becomes of major 
diagnostic importance, one must eliminate any influence which the 
previous dietary may have had upon the result. 

In 1889, Hofmeister^® found that if he gave a carbohydrate meal to 
normal dogs that had been starving previously, glycosuria resulted. 
This phenomenon he called “hunger diabetes.” Since that time a 
number of investigators, wmrking with several species of animals 
and also wath humans, have confirmed and elaborated these findings, 
u Staub,” (joldblatt,^ du Vigneaud and Karr,® and others have 
all found hjqierglycemia, glycosuria and delayed removal of glucose 
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from the blood stream, when carbohydrate was fed after a period 
of starvation. Furthermore, it has been shown by Southwood,” 
Greenwald et al.,^ Sweeney,^® Malmros,^ and Tolstoi^'^ that diets 
low in carbohydrate lead to the same type of response following 
ingestion of a test carbohydrate meal. 

Dann and Chambers^® observed that a few days of carbohydrate 
feeding were sufficient to restore to normal the decreased utilization 
of carbohydrate induced by prolonged starvation. Sweeney^ dem- 
onstrated that a single preliminar.y dose of glucose did not succeed 
in counteracting the effects of an abnormal antecedent diet. 

A discussion of the mechanisms by which carbohydrate tolerance 
is lowered during starvation or under conditions of low carbohydrate 
intake is beyond the purpose of this papei’. Much excellent work, 
however, dealing with this question, has been reported by Dann 
and Chambers^ ' and more recently by Ilaist, Ridout and Best.® 
Suffice it to say that this factor as a depressing influence upon car- 
bohydrate utilization can be completely eliminated by a relatively 
short period of high carbohydrate feeding. 

We have encountered a sufficient number of patients (referred to 
our clinic for treatment of diabetes mellitus) whose diminished 
tolerance for carbohydrate was based upon a deficient intake of 
carbohydrate, to make us realize the importance of this faetor in 
clinical medicine. 

Experimental Procedures. Early in this work we observed that the 
presence of undernutrition 2 icr se was important in determining the 
degree to which carbohydrate tolerance would be diminished by 
restriction of carbohydrate in the diet. We, therefore, chose as 
subjects for study 3 malnourished but otherwise normal patients, 
3 normally nourished men (medical students) and 3 normally 
nourished women (dietitians). All 9 subjeets were between the 
ages of 19 and 25. All were fed a standard preparatory diet (300 gm. 
CHO, 80 gm. P and 3000 cal.) for 3 daj’-s before the initial glucose 
tolerance test was done.* All gave the normal response. They 
were then fed a diet containing 20 gm. of carbohydrate, 50 gm. of . 
protein and 1600 calories for 5 days following which the glucose 
tolerance test was repeated. Thus, the effect upon normal carbo- 
hydrate tolerance of a short period of sharp carbohydrate restriction 
was observed. 

In addition, data are included on 3 patients wrongly diagnosed 
as diabetics. In these, the effect upon diminished carbohydrate 
tolerance of a short period of normal carbohydrate intake was 
observed. 

Results. Table 1 shows the effects of different diets for short 
periods of time upon carbohydrate tolerance in normal and under- 
nourished young men and women. A remarkable delay in clearing 

* Glucose (1.75 gm. per kg. of body weight) given orally in the postabsorptive 
state was used as the test dose. Blood sugar was done by the Benedict method.^ 
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the blood of absorbed glucose is produced in normally nourished 
neonle bv a 5-day period of dietary restriction. _ Qualit^ively the 
response is the same in the undernourished individuals. The degree 
of response to the same restriction, however, is much greater in 
the undernourished group. Since, initially, both groups responded 
to 3 days of normal dietary by giving a normal glucose tolerance 
curve, it must be concluded that the existence of undernutrition 
makes the individual more susceptible to short periods of carb(> 
hydrate restriction. Chart 1 shows the composite response of each 
group to high and low carbohydrate preparation.* 


Table 1.— Effect of Antecedent Dietaby Carbohtdkate Upon Glucose 

Tolerance Test. 

Normal Young Men and Women. 

Previous d/et— 3 days: Previous diet— 5 days: 

300 CHO, 80 P, 3000 cals. 20 CHO, 50 P, 1600 cals. 


Under- Blood sugar, mg. per 100 cc. Blood sugar, mg. per 100 cc. 




Ht.. 

Wt., weight, 
lbs. 

F. 

1 hr. 

2 hr. 

3 hr. 

4 hr. 

F. 

1 hr. 

2 hr. 

3 hr. 

4 hr 

M 

24 

70 

151 

2 

77 

65 

74 

.58 

58 

58 

195 

116 

93 

61 

M 

24 

69 

163 

0 

78 

81 

62 

58 

58 

68 

202 

124 

65 

64 

M 


68 

152 

0 

77 

67 

75 

44 

68 

73 

198 

105 

40 

75 

F 

24 

63 

121 

0 

82 

91 

70 

80 

72 

69 

178 

137 

111 

61 

F 

21 

61 

121 

0 

71 

83 

71 

67 

70 

57 

154 

174 

91 

54 

F 

23 

68 

147 

0 

80 

138 

80 

56 

62 

65 

221 

149 

129 

48 




Average: 

77 

84 

74 

60 

67 

65 

191 

134 

88 

61 





Undernourished 

Young Men 

and 

Women 





M 

25 

72 

142 

16 

64 

122 

105 

45 

48 

44 

214 

242 

126 

76 

M 

25 

72 

138 

17 

78 

182 

115 

44 


67 

250 

188 

53 


F 

19 

02 

103 

14 

75 

96 

72 

60 

68 

64 

244 

250 

182 

89 




Average: 

72 

133 

97 

50 

58 

58 

236 

227 

120 

83 


The additional 3 cases which w^e have chosen as examples indicate 
how an erroneous diagnosis of diabetes mellitus can be made, 
when the important factor of preidous carbohydrate restriction is 
neglected. The first patient had been diagnosed and treated for 
diabetes with diet and insulin before coming to the University 
Hospital. The second had been considered to have mild diabetes 
and the third was said to have had diabetes for 20 years, f 


Case Reports. Case 1.— M. R., 5 feet 4 inches tall, a 21-year-old, white, 
married woman, was admitted to the University Hospital on Jan. 10, 1937, 
vith a chief complaint of severe headaches. Marital difficulties accounted 
for an anxiety state. She had lost all desire for food and the weight had 
fallen from 115 to 94 pounds in 6 months. One month before admission glyco- 
suria was found while she was under treatment in another hospital. A diet 
restricted m carbohydrate was given and 2 doses of insulin injected daily 
On admission to this hospital glycosuria was found again. Except for 
malnutrition the physical examination showed no abnormalities. A glucose 
tolerance test was done without consideration of the previous diet. The 
result was as follows: Fasting 83 mg. per 100 cc.; 1 hour, 238; 2 hours, 198- 


* It SGcnis wortH romarking that carbohydrate restriction 
Groups a greater loss of carbohydrate tolerance thpr i 
7 ' Csse histories have been condensed to conserve space. 


produced in the females 
it did in the males. 
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3 hours, 182. Sugar was found in all specimens of urine after ingestion of 
the glucose. The patient was then referred to the diabetic clinic for 
treatment. 

In order to rule out the factor of prewous carbohydrate restriction we 
fed her the standard preparatory diet for a period of 2 weeks during which 
time she gained 3 pounds in weight. The glucose tolerance test was repeated 
and resulted in a normal response (Chart 2). A low carbohy^ate diet 
(20 gm. CHO, 50 gm. P, 1600 cal.) was then given for 7 days. She lost 

4 pounds. It is seen from the chart that the curve rose even higher than 
that obtained on admission. Again the normal diet for 7 days associated 
with a gain of 5 pounds brought the response to normal. 



Chart 1. — Effect of previous diet upon glucose tolerance of normal and undernour- 
ished individuals. 

1. — Normals— after 3 days of 3000 cals. 300 gm. ' 

CHO, 80 gm. P. 

2. — Normals — after 5 days of 1600 cals. 20 gm. 

CHO, 50 gm, P. ^ 

3. — Undernourished — after 3 days of 3000 cals. 300 

gm. CHO, 80 gm. P. 1 

4. — Undernourished — after 5 days of 1600 cals. 20 

gm. CHO, 50 gm. P. j 


Composite curves of 
6 subjects 


Composite curves of 
3 subjects 


Comment. This case serves to emphasize how promptly and with 
what magnitude glucose tolerance will be affected by changes in the 
preparatory dietary carbohydrate in a malnourished but otherwise 
normal individual. 

Case 2. — A. W., male, aged 72, 5 feet 5 inches tall, weight 108 pounds, 
entered the University Hospital on April 13, 1938, because of bladder 
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calculi A heavy glycosuria was found on routine wme exammation.^ In 
the preceding 3 weeks he had lost his appetite and 6 pounds in weight. 
A glucose tolerance test, done without consideration of the pre^ous dietary, 
was found to be: Fasting, 85 mg. per 100 cc.; 1 hour, 224; 2 hours, 212, 

3 hours, 138. Glycosuria appeared in all of the urine specmiens collected 
after the glucose ingestion. He was referred to the diabetic clmic lor 

He was given the standard normal diet for 8 days during which he gained 

4 pounds in weight. Chart 3 shows the glucose tolerance responses after 

5 days of this diet and again after 8 days. 



Chabt 2. — Case 1. 

1. Test done on admission. 

2. After 2 weeks 3000 cals. 300 gm. CHO, 80 gm. P. 

3. After 7 days 1600 cals. 20 gm. CHO, 50 gm, P. 

4. After 7 days 3000 cals. 300 gm. CHO, 80 gm. P. 


Weight 94 lbs. 
Weight 97 lbs. 
Weight 93 lbs. 
Weight 98 lbs. 


_ Comment. Two points are worthy of mention: (1) That follow- 
ing long-standing undernutrition and carbohydrate restriction, it 
i^y require more than 5 days of high carbohydrate feeding to 
eliect complete return of normal carbohydrate tolerance. (2) The 
fanal cMve, which we consider normal, reaches a peak of 184 mg. 
per 100 cc. in the first hour. This is higher than any of the curves 
on the other subjects following the preparatory diet. It has been 
shovm, however, that normal old people exhibit a somewhat lower 
tolerance for carbohydrate than young people.s-i^ This probably 
accounts for the difference. ^ 
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Case 3. — ^A. 0., male, aged 62, 5 feet 6 inches tall, weight 149 pounds, 
was first admitted to the University Hospital on Dec. 11, 1934, wth a 
typical story of peptic ulcer. A hea\y glycosuria ivas found in the routine 
urine examination. He said that he had been considered a diabetic for 
20 years because sugar had been found consistently in his urine during that 
time. On several occasions he had been treated by mild restriction of 
dietary carbol^'^drate without affecting the glycosuria. On admission 
(1934) he was given a low carbohydrate diet. The glycosuria promptly 
cleared. After having been on this diet (20 CHO, 50 P, 1600 cals.) for 
4 days a glucose tolerance test was done in order that the diagnosis be 
confirmed. No thought, however, was given to the fact that he had been 



Chart 3.— Case 2. 

1. Test done on admission. Weight 108 lbs. 

2. After 5 days 3000 cals. 300 gm. CHO, 80 gm. P. Weight 112 lbs. 

3. After 8 days 3000 cals. 300 gm. CHO, 80 gm. P. Weight 113 lbs. 

prepared for the test on a low carbolu’^drate diet. The result was as follows: 
Fasting, 65 mg. per 100 cc.; 1 hour, 223; 2 hours, 218; 3 hours, 124. Gl3’’co- 
suria occurred in all specimens after glucose ingestion. This was considered 
to indicate impaired utilization of carbohydrate. The carbohydrate of the 
diet was gradually raised and it was found that 150 gm. of carbolwdrate 
daily was all that could be tolerated rvithout glycosuria; He was, therefore, 
discharged as a diabetic on Dec. 29, 1934r, with a diet containing 150 gm. of 
carbohydrate and maintenance calories. He remained on this diet for 
over 3 years and returned on Mar. 14, 1938, for a reexamination of his 
diabetic status. There had, in the interim, been intermittent glycosuria. 

His weight on Mar. 14, 1938, was 148 pounds (149 on the original admis- 
sion). He was given 3000 calories, 300 gm. of carbohydrate and 80 gm. of 
protein daily for 6 days during which time glycosuria was almost always 
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present. A glucose tolerance test at the conclusion of this preparatory- 
period sho'tt'-ed a normal curve (Chart 4) but the urine specimens during the 
test indicated that the renal threshold for glucose -was some-where bet-ween 
90 and 112 mg. per 100 cc. He -was discharged on an unrestricted diet and 
told that he had renal glycosuria. 

Comment This case indicates how a patient with renal glycosuria 
can be misdiagnosed as a diabetic when the glucose tolerance test 
is done after a period of carbohydrate restriction. Continuous 
glycosuria, because of a low renal threshold, resulted, in the pre- 



-HOURS- 


1. After 4 days 1600 cals. 

2. After 5 days 2000 cals. 


Chart 4.— Case 3. 

20 gm. CHO, 50 gm. P (1934). 
300 gm. CHO, 80 gm. P (1938). 


Weight 149 lbs. 
Weight 148 lbs. 


A glucose tolerance test, 

norma resDonse -ntec, u c i he original ab- 

esponse u as the result of previous carbohydrate restriction. 

dietary carbohydrate^in\Trn?°''T- ^^at restriction of 

decrease in the rate of utilizatioTof gSosf'^Ye't it is t 
to scrutinize - the antecedent dJptaf ? t’l ^ ^ ^ ® customary 
preting the glucose “ 

■ experiments reported here 
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show again how greatly the normal rate of glucose utilization can be 
depressed by sharply limiting the intake of carbohydrate for several 
days prior to the test. In addition, it is found that when under- 
nourished individuals, exlribiting normal carbohydrate tolerance, 
are subjected to the same restriction, a more marked delay in the 
utilization of glucose results. Examples of erroneous diagnoses of 
diabetes, due to failure to recognize previous restriction of dietarj’’ 
carbohydrate, are cited. 

Claims have been made that the glucose tolerance test is a poor 
indicator of the ability of the organism to dispose of carbohydrate. 
We believe that much of the confusion arises from the lack of 
standardized preparatorj'^ period prior to the performance of the 
actual test. Much has been done to standardize the technique of 
doing the test, such as dosage of glucose per unit of body weight, 
time of obtaining blood samples, and so on. But in clinical practice, 
at least, the important influence of the previous dietary has been 
neglected. In order to obtain more standardized and comparable 
glucose tolerance tests we have modified the procedure by insisting 
that a standard preparatory diet be eaten for at least 3 days before 
the test is done. This diet is made up of 300 gm. of carbohydrate, 
80 gm. of protein and, at least, maintenance calories. In cases in 
which it is known beyond question tliat the dietary of the preceding 
few days has been adequate for maintenance and abundant in car- 
bohydrate one need not prepare the patient. When one encounters 
a diabetic tjfpe of glucose tolerance test with a fasting blood sugar 
value at or near normal, he should repeat the test after adequate 
dietary preparation. The objection that such a procedure entails 
greater effort and time does not justify errors in diagnosis due to 
lack of such procedure. 

Diabetics who have taken the standard preparatory diet for three 
to five days have not been harmed in any way. The temporarj" 
increase in glycosuria disappears shortly after the test diet is 
discontinued. 

In most cases, however, a glucose tolerance test is not necessary 
in order to make the diagnosis of diabetes. It is in the mild cases 
or in ruling out non-diabetic glycosmias that the glucose tolerance 
test becomes of major diagnostic importance. These are just the 
cases in which an erroneous diagnosis of diabetes may be made if, 
previous to the test, the intake of food has been limited. 

The same preparatorj’" precautions must be applied in any condi- 
tion in which the glucose tolerance curve is to be used as a help 
in diagnosis. In hj’perinsulinism, for example, tlie glucose tolerance 
curve often shows a precipitous fall to hjq)Oglycemic levels when 
done after the standard preparatory diet. Restriction of dietary 
carbohydrate for several days before the test results in a much less 
marked drop of the blood sugar. Hence, under these conditions, the 
glucose tolerance test loses its value as a diagnostic aid. 
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Thus it appears evident that in order that glucose tolerance tests 
be in any way comparable and worthy of interpretation, they 
must be preceded for several days by the ingestion of an adequate 
diet. Our standard preparatory diet list is seen in Table 2. 


Table 2. — Standard Prepabatort Diet. 


(80 gm. protein, 300 gm. carbohydrate, 2800 cals.) 


_ , Diet Plan 

Breakfast: 

Pruit 

Cereal 

Bread 

Butter 

Cream 

Jelly or sugar ....... 

Beverage 

Dinner: 

Meat or substitute 

Potato or substitute 

Cooked vegetable or 

Salad 

Bread 

Dessert 

Jelly or sugar 

Butter 

Cream 

Beverage 

Supper: 

Meat or substitute 

Potato or substitute 

Cooked vegetable or 
Salad .... 

Bread 

Dessert 

Jelly or sugar .... 

Butter 

Beverage 


1 serving 

1 serving 

2 slices 

1 tablespoon 

1 cup 

2 tablespoons 


1 large serving 
1 serving 

1 serving 

1 slice 

2 tablespoons 

2 tablespoons 

3 tablespoons 


1 medium serving 
1 serving 

1 serving 

2 slices 

2 tablespoons 
2 tablespoons 


° betke? «d tea ma: 

2 tablespoons of 'sugar of jeTy“'" ^e substituted fo 


normal person cau^s^t^ma^rked'^d'^I restriction in t 

carbohydrate as indicated bv thp^l f ® utilization 

2. UndernouriS Tnl -X f ^ tolerance test. 

with a greater loss ot carbl5Ste”w”ance°. 
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3. Erroneous diagnoses of diabetes mellitus are made when the 
factor of previous carbohydrate restriction is neglected. 

4. Unless the influence of previous carbohydrate restriction is 
removed by means of an adequate preparatory diet, the glucose 
tolerance test is not reliable as an indicator of the individual’s 
ability to utilize carbohydrate. 
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THE COMPOSITION OP INTEAPLETJRAL AIR IN ARTIFICIAL 

PNEDMOTHORAX. 

By a, T. Miller, Jr., 
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AND 

Julia M. Jones, 

RESIDENT IN TUBERCULOSIS, BELLEVUE HOSPITAL, NEW' Y'ORK CITY, N. Y. 

(From the William H. Maybury Sanatorium [Detroit Municipal Tuberculosis Sana- 
torium), Northvillc, Mich.) 

Nearly' 150 years ago Astley Cooper (quoted by Abernethy^) 
injected air into the pleural cavity and demonstrated that it caused 
no inflammation. Between 1888-1892 Forlanini (according to 
Hamman and Sloan®) instituted injection of gas into one pleural 
cavity as a therapeutic measure in the treatment of pulmonary 
tuberculosis. Interest in the composition of gas present in the 
pleural cavity began witli John Davj^® His analyses did not give 
accurate results because they were made postmortem, when the 
carbon dioxide tension is greatly increased and the oxj’-gen tension 
decreased. Since then many workers have been interested in this 
problem (see Campbell-) . In 1932, Coryllos^ published a preliminary 
report of analyses of the intrapleural air in patients with artificial 
pneumothorax. 

In a healthy pleural cavitj'", no matter what the composition of the 
gas injected may be, the mixture resulting after equilibrium has 
been established (i. e., after about 2 days) has the same composition, 
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namely, oxygen 2 to 4% and carbon dioxide 6 to 8%. In the case 
of artificial pneumothorax in pulmonary tuberculosis this composi- 
tion is modified by variations in the degree of collapse, histologic 
changes in the pleura, the presence of fluid or inflammatory pro- 
cesses and the presence of broncho-pleural fistulse. 

The present study was undertaken in an attempt to confirm 
Coryllos’ findings and, if possible, to apply them in the practical 
management of artificial pneumothorax. 

After a preliminary pressure reading, a sample of intrapleural air 
was withdrawn into an oiled syringe, and a sample of fluid, if any 
was present, was obtained for bacteriologic study. Serial analyses 
were performed on selected cases and, whenever possible, findings 
were checked postmortem. Seventy-four analyses were done on 
35 patients. An attempt was made to classify the results according 
to the type of fluid (if any) present, as Coryllos had done.* Wliile 
a rough correlation was obtained, it was found that the composition 
of the intrapleural air, especially in cases of long-standing pneumo- 
thorax, was so modified by other factors as to limit the usefulness 
of such a classification. The oxj^gen values in particular were 
difficult to interpret in terms of any single factor. They showed a 
tendency to vary inversely with the carbon dioxide values, but 
there were numerous exceptions. Our failure to confirm the findings 
of Coryllos with respect to the sharp demarcation of his groups may. 
have been due partly to difference in the type of patient studied. 
The majority of the cases which we studied were characterized by 
pneumothorax of long standing with either chronic or intermittent 
fluid. It is possible that vascular and histologic changes in the 
pleura may have been important modifying factors with regard to 
the composition of the intrapleural air. 

Since the diffusibility of carbon dioxide through living membranes 
is 20 to 30 times as great as that of oxj^gen, it would, a priori, be 
expected that oxygen might fail to reach equilibrium with the sur- 
rounding tissues in those cases in which pleural permeability has 
been_ reduced by inflammatory processes. Accordingly, we have 
classified our results according to the percentage of carbon dioxide 
in the intrapleural air. In Group I, the intrapleural air contained 
more than 10% carbon dioxide; Group II, 8 to 10%; Groun III 
6 to 8%; and Group IV, less than 6%. ^ 

Group I (28 analyses on 16 patients). Of the 16 patients in this 
group, all had fluid which contained tubercle bacilli. One patient 
had a clear fluid, 11 had frankly purulent fluid, while the other 4 
had fluid which was intermittently purulent. It is signiflcant that 
the composition of the intrapleural air in the cases of intermittent 

* Corj'llos’ gave the following classification- 
(c) No fluid CO: = 6%. 0: = 3 to 4%. 

(b) Straw-colored fluid. CO: = 6 to 8%. O-. = 1 to 2 % 

(c) Purulent fluid. CO: = more than 8%. 6: = less than 1%. 
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fluid often remained practically unchanged for weeks following 
complete reabsorption of the fluid, so that the presence or absence 
of fluid and the type of fluid cannot be the sole determining factors. 
For this reason, single analyses are often of little value; whenever 
possible serial analj’^ses should be performed. Only in this way can 
the presence of small broncho-pleural fistulas, which are inter- 
mittently sealed off by the fluid, be revealed. As an example, the 
case of S. G. may be considered: 

Case 1,— S. G., a 41-year-old Negress with tuberculosis of the lymph 
nodes and a far advanced, exudative tuberculous process involving areas 
throughout the right lung and the upper half of the left lung, had a right 
artificial pneumothorax instituted August 2, 1938. On September 21, 
1938, the patient developed an acute pleurisy with effusion on the right side, 
and has continued to form fluid to date (June 1, 1939). Pressure readings 
are obtained with difficulty, but have never been suggestive of a broncho- 
pleural fistula. _ The patient has never raised pleural fluid with sputum. 
General condition at present (June 1, 1939) is poor. 

Intrapleural air analyses. 11-9-38 CO; = 10.23, O 2 = 3.53. 450 cc. 
clear, dark fluid, positive for tubercle bacilli on concentrate smear. 

11- 23-38 CO- = 10.12, O 2 = 4.34. 300 cc. fluid, as above. 

12- 7-38 CO 2 = 8.46, O 2 = 5.88. 300 cc. fluid, as above. 

2-10-39 CO 2 = 6.92, 0- = 7.92. 300 cc. clear fluid, neg. T.B. on 

smear, pos. on culture. Analyses show trend toward fistula, but no clinical 
signs. 

2-27-39 CO 2 = 2.94, 0- = 15.10. Some fluid present, not aspirated. 
Analyses and clinical signs are now definitely indicative of fistula. Intra- 
pleural pressures atmospheric. 

5-29-39 CO 2 = 10.47, O 2 = 0.22. Fluid now purulent. Fistula has 
closed. 

The oxj'^gen values of the intrapleural air in Group I patients 
varied from 0.22 to 4.59%, The higher values were obtained in 
cases of intermittent fluid and of small broncho-pleural fistute 
periodically sealed off by fluid. In view of the much greater dis- 
parity between the oxj^gen concentration of intrapleural and alveo- 
lar air as compared with the corresponding values for carbon dioxide, 
and since, furthermore, oxj^gen is much less diffusible than carbon 
dioxide, it might be expected that oxj^gen values would varj’^ more 
widely than carbon dioxide values in cases of this type. For this 
reason, carbon dioxide concentration is of greater significance in 
following the course of fluid formation and reabsorption, while the 
oxj^gen values in serial analyses reveal the presence of fistulce inter- 
mittently closed, as well as giving some indication of the degree of 
impairment of permeabilitj’- in thickened pleurre. 

Group II (10 analyses on 8 patients). All the patients in this 
group had fluid in the pleural cavity. Only one of these fluids was 
purulent, while the others were all recent effusions. It is a remark- 
able fact that in 5 out of the 7 cases of recent acute effusions, 
the oxygen concentration of the intrapleural air was 1% or less, a 
value which Coryllos found only in cases of purulent fluid. After 
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the fluid had been present for a variable length of time (1 week up 
to several months), the oxygen concentration rose to 2 to 3 %> the 
value which we have found to be characteristic of clear fluids. The 
oxygen concentration of intrapleural air is presumably determined 
by two factors; the utilization of oxygen by the leukocytes and organ- 
isms present in the pleural fluid, and secondly , by the type of equilib- 
rium established between the intrapleural air and the surrounding 
tissues and fluids. The latter factor has been discussed at some 
length by Matsuzawa'^ and Campbell.^ Neither of these workep 
is able to explain the low oxygen concentration of intrapleural air 
after stabilization of a pneumothorax. Apparently, in the cases of 
recent acute effusions presented above, equilibrium between intra- 
pleural air and the surrounding tissues and fluids was not attained 
until the acute symptoms attending the formation of the effusion 
had subsided. This is another example of the danger of depending 
on single analyses, particularly with reference to oxygen values, in 
the interpretation of fluid formation and reabsorption. Further 
emphasis is given to this point by the fact that the highest intra- 
pleural oxygen value in this entire group occurred in the only case 
in which the pleural fluid was purulent. 

Group III (10 analyses on 7 patients). Of the 7 patients in this 
group, 3 had no fluid, 3 had clear fluid, and 1 had no fluid at the 
time of the first analysis but developed fluid during the period in 
which serial analyses were performed. The average values were as 
follows : 

(а) No fluid -CO 2 = 6.68, O 2 = 3.31. 

(б) Clear fluid -CO 2 = 7.52,02 = 2.61. 

(c) Fluid forming— (1) no fluid. CO 2 = 6.88, O 2 = 4.67. 

(2) clear fluid present. CO 2 = 9.52, O 2 = 1.08. 


Group IV (16 analyses on 10 patients). This group is of interest 
in connection with the diagnosis of broncho-pleural fistula. The 
average CO 2 value was 3.63% (range 0.49 to 5.49%). The average 
O 2 value was .12.39 %_ (range 4.74 to 19.63 %) . Five of the 10 patients 
in this group had clinical symptoms of fistulee, confirmed postmor- 
tem in 2 cases. The case of 0. Y. is typical. 


Case 2 -0. Y., a 41-year-old white male of Slavic descent, entered 
Herman lOefer Hospital on May 25, 1936, with far advanced bilateral 
tuberculosis. Left artificial pneumothorax was unsuccessful, but right 
pneumothorax was_ established on June 1, 1936. Purulent fluid subse- 
quently developed in this space and was aspirated frequently until it dis- 
appeared in A ovember ,1937. The space remained free of fluid until May 18, 
^ spontaneous collapse of the right lung occurred, with initial 
^ ^’urulent fluid then reappeared 

completely coUapsed against the medial wall. The 
pleural surfaces are covered with a thin, purulent exudate, smears of which 
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reveal acid-fast bacilli and staphjdococcus albus. Below the middle of the 
anterior margin of the upper lobe is a deep indentation, in the base of which 
there is a rounded opening from which air escapes on inflation of the lung 
through the trachea." 

Intraplei(ral air analyses. 6-G-38 CO 2 = 13.53, O 2 = 6.03. Small 
amount of thick, purulent fluid. Spontaneous pneumothorax Ma}’' 18, 1938. 
Intrapleural pressures highl}'^ positive. 

7- 27-38 CO 2 = 1.70, Os = 19.40. 400 cc. thick purulent fluid. 
Pressures highly positive. 

8- 3-38 CO 2 = 1.68, O 2 = 19.60. 300 cc. thick, purulent fluid. 
Pressures remained unchanged before and after removal of 300 cc. fluid, 
saline irrigation and injection of 20 cc. of gomenol. 

8-10-38 CO 2 = 1.21, O 2 = 19.97. 600 cc. thick, purulent fluid. 

8-24-38 CO" — 1.34, O 2 — 19.45. 300 cc. thick, purulent fluid. 
Open drainage establislied August 31, 1938. Patient died March 2, 1939. 

The other 5 cases had very similar analyses without clinical signs 
of fistulae. Coryllos^ reported similar cases in which fistulas were 
found postmortem. Apparently, then, intrapleural . air analyses 
are more reliable than are clinical symptoms in diagnosing broncho- 
pleural fistulas. 

Discussion, The present work confirms the findings of Coryllos, 
without reservation, only with regard to the diagnosis of broncho- 
pleural fistulae. Even here, unless the fistula is quite large, it is likely 
to be intermittently closed by fluid, obscuring the changes in intra- 
pleural air and necessitating serial analyses. 

In the absence of a fistula, the CO 2 percentage of the intrapleural 
air is a fairly reliable index of the type of fluid present, at least 
during the period of formation. The case of 1. S. illustrates this 
point: 

Case 3. —I. S., a 14-year-old Negress, had bilateral pulmonary tubercu- 
losis and severe, but easily regulated, diabetes. Intrapleural air analyses 
and intrapleural, pressure suggested presence of broncho-pleural fistula, and 
for this reason, a right phrenic crush was perfonned on November 18, 1938. 
Fistula closed and 48 hours later fluid appeared for the first time and per- 
sisted until death, which occurred January 31, 1939. Postmortem examina- 
tion revealed collapse of right lung and thick, purulent empyema fluid in 
right pleural space. 

Intrapleural air analyses. 11-11-38 CO 2 = 4.58,0" = 13.30. Spon- 
taneous pneumothorax on October 26, 1938. No clinical signs of fistula. 
No fluid present. 

11-16-38 CO 2 = 6.50, O 2 = 5.17. Has clinical signs of fistula. No 
fluid but costal angle blurred. 

11- 21-38 CO 2 == 8.57, O 2 = 2.68. 300 cc. clear fluid, positive tubercle 
bacilli on culture. Fluid appeared November 20, 1938, following phrenic 
crush on November 18, 1938, which closed the fistula. 

12- 7-38 CO 2 = 11.18, O 2 = 4.22. 300 cc. clear fluid, which turned 
purulent a few days later. Patient died January 31, 1939. 

fluid is being periodically formed and reabsorbed, intra- 
pleural air analyses may be misleading. Fluid may entirely^ dis- 
appear without causing an appreciable change in the composition 
of the air present. This is possibly to be explained bj'' the great 
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thickening of the pleura often found in these patients, which results 
in marked decrease in permeability to gases. Residual amounts ot 
fluid rich in leukocytes and organisms may be a contributing factor. 
The case of B. P. is typical: 


Case 4.— B. P., a 34'year-old Italian male, had far advanced pulmonary 
tuberculosis involving the upper two-tliirds_ of each lung. Following ught 
pneumothorax he developed fluid in the right pleural space, ibis nuicl 
cleared and reappeared on several occasions. General condition has shown 

marked improvement. ; „ , ^ „ /.o onn 

Intrapleural air analyses. 10-26-38 CO 2 — 11.64, O 2 — 3.03. 300 cc. 
cloudy fluid, positive tubercle bacilli on culture. 

2-24-39 CO 2 = 12.13, O 2 = 0.75. Fluid reabsorbing. 

2-27-39 CO 2 = 11.95, O 2 = 0.96. No fluid present. 

5-19-39 CO 2 = 11.74, O 2 = 1.97. 175 cc. clear fluid present. 


The oxj'^gen values of the intrapleural air are difiicult to interpret. 
After stabilization of a pneumothorax, and in the absence of fluid, 
the oxygen tension is lower than that of any of the surrounding tis- 
sues and fluids, as was pointed out by Matsuzawa.'^ With the onset 
of fluid, especially if attended by acute symptoms, the oxygen ten- 
sion may drop sharply, only to rise again after subsidence of the 
symptoms. With this exception, there seems to be a rough inverse 
relation between oxygen tension of the intrapleural air and puru- 
lency of the fluid. Oxygen analyses are of greatest value in following 
the course of broncho-pleural fistulas, intermittently closed by fluid, 
because of the slow rate of reabsorption of oxygen. The reason for 
the initial drop in oxygen tension in cases of hot effusions is un- 
known. 

Summary and Conclusions. An attempt has been made to confirm 
the findings of Coryllos, who reported a high degree of correlation 
between the composition of intrapleural air and the type of fluid, 
if any, present in the pleural cavity. The validity of the diagnosis 
of broncho-pleural fistulas by means of intrapleural air analyses has 
been confirmed. In the absence of fistulee, a fair degree of correla- 
tion has been found between the carbon dioxide tension of intra- 
pleural air and the purulency of the fluid, except in cases of inter- 
mittent formation and reabsorption of fluid. The oxj'-gen analyses 
have been found useful in the study of small fistulm periodically 
closed by fluid, but the degree of correlation between oxygen ten- 
sion of intrapleural air and purulency of fluid was rather low. In 
many cases single analyses of intrapleural air are likely to be mis- 
leading, serial analyses should always be performed when possible. 
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The NEHHOGENrc Bladder. Bj-- Frederick C. McLell.ax, M.S., M.D., 

Instructor in Surgery', University of jNIichigan jMedical School, Ann 

Arbor. Pp. 206; 9 illustrations and 49 charts. Springfield, HI.: Charles 

C Thomas, 1939. Price, S4.00. 

In wew of the confusion in the minds of practitioners, surgeons and 
neurologists on tlie diagnosis and treatment of the neurogenic bladder, it is 
surprising that a monograph such as the author’s -n-as not n-ritten long ago. 
The author deserves praise for his efforts in gathering together the abundant 
though scattered literature on the subject and is to be congratulated on his 
success in welding it into a coherent presentation of the subject. To this 
task he brings his personal experience derived from the c 3 -stometric study 
of 500 cases. 

The first half of the monograph is devoted to the nervous anatomj' and 
phjfsiologj' of the bladder and to its anatomic and ph3-siologic relationships 
to the spinal and suprasegmental levels of the nervous S3'stem. Because 
of its_ theoretical interest and diagnostic implications this section null be 
especially attractive to neurologists and neurosurgeons. The second part 
of the book is given over to the clinical classification and description of Bie 
various types of bladder d3'sfunctions and their diagnosis 63’' C3'stometr3’', 
a detailed description of the C3’-stometric technique and a discussion of the 
differential diagnosis between the neurogenic bladder and the various kinds 
of local bladder disease. There is a short but adequate section on the trea^ 
ment of the neurogenic bladder. An appendix of 49 C3'stometric charts is 
included to illustrate the text. 

The monograph suffers from some faults in organization. The c 3 ’sto- 
metric charts would be more valuable if the 3 ’' accompanied the texi; rather 
than being placed in an appendix. There is considerable reduplication 
of material and repetition of ideas. The st 3 de while simple at times lacks 
clarit 3 ’- in several sections, particularh' those dealing with spinal and 
cerebral neuroph 5 ’^siolog 3 L The author’s nihilistic attitude toward the 
value of the paras 3 mipathetico-mimetic drugs in treatment conflicts with 
current trends and the claims advanced for their efficacy. He is also 
pessimistic concerning the value of presacral neurectom 3 L In new of Ins 
large experience the author’s arguments against these procedures are con- 
vincing. In spite of the prevalence of the term “neurogenic,” we must 
protest against a barbarism which is in the same class as “the acute abdo- 
men” and the “operated patient.” not the equall 3 '’ brief and more 

correct term, “neuropathic bladder”? 

Comforting to man 3 ’' readers will be his championship of the indwelling 
catheter in the treatment of bladder paralysis consequent to sacral cord 
lesions. The recent but rather general aversion to the use of this venerable 
instrument seems to be unfounded especiall 3 ’' if proper precautions are taken 
to prevent peri-urethral infections.^ 

The new methods of proxdding tidal flow are said to have certain advan- 
tages in the control of infection but the author doubts their value as a re- 
educator of bladder function, a claim that has been made 63 ’' the inventors 
of the device. . , . jj ^ 

A complete bibliograph 5 '’ particular^’- of the English literature adc^ to 
the value of this timel 3 ’- and excellent monograph. I- B. 



WARREN, TArEIDMAN: HANDBOOK OF SKIN DISEASES 

Kvpfmmental Pharmacologt and Materia Mbdica. By Dennis E. 
Tackson Ph D M.D., F.I.C.A., Professor of Pharmacology, Materia 
Medica, ’and Therapeutics in the University^ of Cmcmnati, College of 
Medicine etc Pp. 906; 892 illustrations, including 55 color plates. 
Snd edition. St. Louis: The C. V. Mosby Company, 1939. Price, 

SIO.OO. , , I ■ X 

This will be a valuable reference book for both students and instructors 
of pharmacology and physiology insofar as it represents an unusually com- 
plete collection of the various methods (many of them devised by the 
author) employed in animal experimentation. Operative procedures, appa- 
ratus and anatomic approaches are completely and beautifully illustrated 
in 892 figures, including 55 color plates. _ .In addition there are excellent 
chapters on shop ’work, including the basic principles of glass blo'wing and 
metal work. There is also a short chapter on photography. 

Since this is not a text in pharmacology but rather a laboratory manual 
that poses pertinent questions without answering them, it cannot be 
recommended to the general medical profession. As a laboratory guide, a 
more discriminating selection of a few fundamental experiments in con- 
nected sequence might better have served the purpose than ,the collection 
of 217 oft-repetitive exercises that the author has assembled for choice. 
The chapters on prescription writing and materia medica are well written 
and profusely illustrated. Since this book must necessarily be used in 
conjunction with a systematic text in pharmacology, a much smaller and 
more compact book might be more appropriate for student use. 

J. C. 


Hanbrook of Skin Diseases. By Leon Hugh Warren, B.A., M.D., 
M.Sc. (Med.), Formerly Instructor in Dermatology and SyphDology at 
the School of Medicine, Temple University; Acting Assistant Surgeon 
(Dermatology) in the Office of Dermatoses Investigations of the United 
States Public Health Ser^^ce, etc. With a Foreword by Frederick K. 
Weidman, M.D. Pp. 321. New York: Paul B. Hoeber, Inc., 1940. 
Price, 83.50. 

This little book fiUs the gap which exists between bulky texts on derma- 
tology and the quiz compend. The author has acted most sensibly in not 
pretending to give complete descriptions of dermatoses where such are 
impossible except in ponderous volumes replete with illustrations and 
careful descriptions. The merit of this book consists in that the author 
has indicated the nature of the various dermatoses to a large extent in 
terms of the pathologist, thus informing the practitioner and the pathologist 
as to the general setting of such dermatoses in the scheme of medical 
disease._ This is what such specialists desire, rather than to master the 
intricacies of the dermatologic specialty, such as is required by the formal 
texts. 


To the specialist the book is of value because the recent advances in 
collected and made available in short form. For 
tlie dennatologist who has not had adequate contact with such items the 
liandbook serves as a most useful aid. In this respect it surpasses quiz 
cornpends of the conventional type, which are planned rather for the 
medical student. However, the booWet should be of service to students 
also, but only m conjunction with their lectures and clinics. 

^ dematoscs in alphabetical order facilitates ready 
reference, as m an encyclopedia; this is supplemented by an index remark- 
abty complete and detailed~34 pages in a book of 321 pages, 
of with particular respect to physical therapy and other 

of the more modern modalities. Of course, aU of this would be impossible 
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in a small book had the author not resorted to telegraphic style, and the 
latter will no doubt appeal strongly to the busy practitioner who needs 
only a catch word here and there to refresh his memory, or have suggestions 
offered to him. In short, the author's handbook should fill a definite want 
for practitioners, dermatologists and students. F. W. 


A Text-Book of Occupationai. Diseases op the Skin. By Louis 
Schwartz, M.D., Medical Director, U. S. Public Health Service, in 
charge of Dermatoses Im^estigations, Washington, D. C.: Lecturer, 
Department of Dermatologj’’ and Sj'philology, New York University, 
etc., and Louis Tulipan, M.D., Clinical Professor of Dermatology and 
Syphilology, New York University College of Medicine; Consulting 
Dermatologist, Manliattan General Hospital, etc. Pp. 799; 116 illustra- 
tions. Philadelphia; Lea & Febiger, 1939. Price, SIO.OO. 

THis work is a valuable contribution to American medical literature and 
an indispensable manual for those concerned witli industrial diseases, 
including others than those of the skin. It is better S 5 ’-stematized, more 
inclusive of the literature, but not as well indexed as its predecessor, Prosser 
YT;nte’s “ Dermatergoses.” Throughout the work, the authorit 3 '- especially 
of the senior author, widely known to specialists in this countr}’’ for his 
invaluable contributions to this field, is easily recognized. The first-hand 
descriptions of the manufacturing processes from which occupational 
dermatoses arise, lends a viwdness and realism to the text which carries 
it beyond the limited confines of merely descriptive dermatolog 3 ^ The 
work can therefore be a volume of reference for all physicians concerned in 
industrial medicine, as well as for the dermatologist. 

The book comprises 45 chapters, ranging from a brief discussion of 
workmen's compensation laws in relation to dermatoses, to an ana^'sis of 
skin hazards in 74 occupations. The chapter on diagnosis is materially, 
and perhaps not advantageously, shortened by assigning to the derma- 
tologist without differential description such conditions as seborrheic 
dermatitis, impetigo contagiosa and neurodermatitis, which so frequent^ 
defeat the industrial phj’^sician and the compensation authority in their 
encounters with industrial dermatolog}\ Much emphasis is laid on patch- 
testing and many useful notes on its application with some regard for 
contributing influences such as perspiration, oiliness, drjmess, friction and 
so forth are provided. Methods of investigation and prevention are briefly 
discussed and are recapitulated with specific application in many of the 
ensuing chapters on special industrial irritants. So far as the Eeviewer 
could ascertain, vdth a limited knowledge of industrial processes but some 
contact with the problems of industrial dermatology, this work is an encj^- 
clopedic catalogue in which at one point or another practically everything 
that could be conceived as responsible industriallj'' for injury to the skin 
receives at least brief, and usually illuminating, mention. 

What has in the past been a notable deficiency in practical^ industrial 
work and in the field of industrial dermatology, is still recognizable, the 
Reviewer believes, in this book; that is, a lack of adequate discussion and 
analysis of the host factors so to speak, in the development of occupational 
dermatitis. The disposition is perhaps natural, to regard the offending 
substance as overwhelmingty the major part of the picture. A study of 
the human subject notably from such aspects as constitutional make-up 
and predisposition, physiologic and pathologic structural and functional 
abnormality, dietary, climatic and economic and psychologic components 
has yet to appear. Prosser White, in some of his discussions of industrial 
dermatology, foreshadowed the need for ultimate comprehension of the 
collateral influences which play a part and form the background of the irri- 
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tabilitv of the skin. Industrial dermatolo^ thus studied wiU be more 
than a descrintive catalogue of the action of inividual imtants and ■will 
£me an murninating field for the interpretation of skin and general 
phvsiology. The interrelation between allergy and infection, infection- 
Lnsitization complexes, interplay between sensitizmg contact factors and 
sweat, sebaceous, vascular and nervous mechanisms of cutaneous disease 
■will go far towards broadening -the preventive outlook as well as the actual 
management of occupational skin diseases. , j, j- i 

This suggestion for a greater completeness and _a more broadly medical 
treatment is not offered with any intent to minimize the distmction oi 
the authors' work. °' 


Sketches in Psychosomatic Medicine. By Smith Ely Jellifee, M.D., 
Consulting Neurologist to Manhattan State and Kings Park Hospitals, 
New York. Pp. 155; 10 figures. New York; Nervous and Mental 
Disease Monographs, 1939. Price, $3.00. 

The author, one of the first and most distinguished of American psycho- 
analysts, has long maintained that medical and surgical treatment of 
physical conditions resulting from prolonged emotional strain, may be 
attended by dire consequences, unless proper psychologic preparation has 
been given. From his voluminous writings, t^ following _ selection of 
monographs are offered in support of that contention: What'Price Healing? ; 
Psychopathology and Organic Disease; The Death Instinct in Pathology; 
Dupuytren's Contracture; The Psyche and the Vegetative Nervous System; 
The Bodily Organs and Psychopathology; The Skin, Nervous System and 
the Bath; Neuropathologj^ of Bone Disease; Psychoanalysis and Myopia; 
The Ecological Principle in Medicine. In recent years, much has been 
•uTitten in corroboration of such findings. A bibliography and index are 
included. N. Y. 


The Pkoceedings op The Chaeaka Club, Vol. IX. Pp. 204; illustrated. 

New York; Richaud R. Sjhth for The Charaka Club, 1938. 

The ninth volume of the Proceedings of this egregious organization is 
indeed illustrative of the versatility and -virtuosity of its members. Its 
30 or more contributions (delivered mostly between 1934 and 1937) range 
through serious articles on medical historj^ and medical biographic sketches 
to non-medical essaj^s and poems by physician members. Almost an equal 
number of unpublished contributions during the same period are listed, 
some of which, to judge from the titles and from one pungent article here 
printed, look as if they also would make very entertaining reading 

E. K 


Pi^HOLOGY. _An Introduction to Medicine and Surgery. By J. Henry 
Dible,^ M.B. (G^s.), F.RC.P. (Lond.), Professor of Pathology in 
the I^versity of London (The British Post-Graduate Medical School); 
Late Prme^or of Patoology at the London School of Medicine for Women, 

M.D. (L’pool), M.R.C.P. 
Patholo^ m the IJmversity of Liverpool; Late 
pofessor of Pathology m the University of Bristol. Pp. 931; 374 illus- 

“rs pSf Jlom The Bkkiston Com- 

to authors have endea-imred “to present pathologic changes 

to the student in a senes of processes going on in the hiring body and leadine 

functional c&ngeJand morbid 
anatomical results. Possibly because of these aims, admirable thoup-h 
t ley are, the several parts of the book are of unequal merit. There is an 
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naratrraplv headings which make it a good reference volume. The bibliog- 
rnnwlrver^ extensive but the lack of titles detracts greatly from its 
vake for research investigator, in the opinion of the Reviewer. For 
the practicing operating obstetrician the volume should be an eg^^^me y 
one. 

FuNnus Atlas. Stereoscopic Photographs of the Fundus Oculi. By 
Louis Bothman, B.S., M.D., F.A.C.S., Chnical Professor of Ophthal- 
mology, The University of Chicago; Associate Ophthalmologist, bt. 
Luke’s Hospital, Chicago, and Reuel W. Benneto,_ Photo^apher for 
the Division of Ophthalmology, The University pf Chicago Clmics. Pp. 
50* SO original stereoscopic photographs. Chicago: The Year jdook: 
Publishers, Inc., 1939. Price, $17.00. 

This collection of fifty plates for use in a stereoscope will be found useful 
for teaching ophthalmoscopic diagnosis. The plates were made from fundus 
photographs taken with the Nordensen camera and magnified three or 
times the size of the original negatives. _ On each card is a history of the 
case and a description of the various details which are to be found. 

■p A. ■ 


The Rise of Embhyology. By Abthur William; Meyek, Professor of 
Anatomy, Emeritus, Stanford University. Pp. 367; 95 lustrations. 
Stanford University: Stanford University Press, 1939. Price, $6.00. 
The author has elected to treat his subject by tracing separately the 
history of the great problems of embryology, e. g,, spontaneous generation, 
the ovum, the spermatozoon, and so on. This method has obvious advan- 
tages, but it scatters the work of a single investigator, perhaps failing to 
give a picture of the man and his accomplisliments. Of special interest 
to the physician is a chapter on the development of visual and technical 
aids and another dealing with malformations. Quotations are freely used 
throughout the book, which is well illustrated and closes with an excellent 
19-page bibliography. The index, however, is regrettably brief. 

H. S. 


Atlas of Surgical Operations. By Elliott C. Cutler, Moseley 
Professor of Surger 3 '-, Harvard University and Chief Surgeon of the Peter 
Bent Brigham Hospital; Formerly Professor of Surgery, Western Reserve 
University, and Director of Surgery of the Lakeside Hospital, and Robert 
Zollinger, ^sociate Professor of Surgery, Harvard University, and 
Senior Associate in Surgery at the Peter Bent Brigham Hospital. Pp. 
181; 84 plates. New York: The Macmillan Company, 1939. Price, 


This is a unique atlas. There is a chapter on surgical technique, one on 
anesthesia and one on pre- and postoperative care. The remainder of the 
volume consists of 84 large plates showing the technique of a variety of 
operations, with a page opposite each plate in which there is briefly dis- 
cussed the indications for operation, the preoperative preparation, the 
anesthesia, the position of the patient, the operative preparation, the in- 
«sion and exposure, the details of operation and the postoperative care. 
Tile illustrations are done m black and ivliite line drawing. They are 
ex^ediDgly simple yet nevertheless very well done. 

Tins volume will prove very useful to all surgeons, whether young or old. 
\\ ithm a page or two one can obtain knowledge of certain standardized 
surgical procedures. The many illustrations on a single plate make it 

operation from beginning to end on a 



576 


BOOK REVIEWS AND NOTICES 


Drs. Cutler and Zollinger are to be congratulated on the splendid piece 
of work they have done, but the Reviewer must also congratulate the artist 
who has so acceptably depicted the operative procedures. Every surgeon 
would not do every operation in the same way, but this is a volume that 
eve^ young surgeon can use and follow with benefit to himself and to the 
patient. Many of the more competent technicians in surgery could well 
heed the constant admonition on the gentle handling of tissues, the necessity 
of completing the hemostasis, and the necessity of adequate exposure. 

I. R. 


A Topographic Atlas for X-rat Therapy. By Ira I. ILvplan, B.S., 
M.D., Director, Radiation Therapy Department, Belle^ate Hospital; 
Director, Dmsion of Cancer, Department of Hospitals, City of New 
York, etc., and Sidney Rubenfeld, B.S., M.D., Associate Visiting 
Radiation Therapist, Bellevue Hospital; Instructor in Surgerj', New 
York University Medical College, etc. Pp. 120; 55 full page plates. 
Chicago: The Year Book Publishers, Inc., 1939. Price, 84.00. 

This atlas is admirabl}'- suited for teaching purposes. It contains 55 
excellent diagrammatic illustrations dealing with different diseases. Each 
clearly presents the normal visible anatomic landmarks and the palpable 
internal landmarks. The diseased organs are outlined within the body. 
The relative size, number, and position of each treatment cone used is 
clearly indicated. Printed in outline form opposite each illustration is a 
verbal description of each illustration. The fundamental mechanics of 
applying Roentgen therapy are all referred to, except physical factors of 
dosage. The authors have deliberately avoided consideration of the latter, 
so that the reader will not find any mention of the amount and quality of 
radiation to be used in various conditions. P. H. 


Aegtria. The Pharmacologj" of Silver. By William R. Hill, M.D., 
Instructor in Dermatologj’’ and Sj^philologj’-, University of Pennsjdvania, 
and Donald M. Pillsbury, M.A., M.D., Associate Professor of Derma- 
tology and Syphilology, University of Pennsylvania. Pp. 172. Balti- 
more: The Wfiliams & Wilkins Company, 1939. Price, 82.50. 

This little monograph covers more than the subject indicated in the 
title; there are chapters on the history of argj’^ria, its absorption and excre- 
tion, its deposition in tissues, the pharmaco-physiologic effects, the diag- 
nosis and treatment, an analysis of reported cases, and its ’ ■ 
of the eye and industrial argjTia also occupy chapters, i ' ■ ' / ‘ 

numbers 601 references and there are complete author and subject indexes. 
Most useful, too, is a list of proprietary silver compounds; it is surprising 
that they should number a hundred or more. 

The subject is treated from the biologic vievqioint throughout, with 
attention to detail, dispassionately and judicially. The authors have 
rendered a distinct service in bringing the subject dovm to date in such a 
complete, authoritative and scientific manner. F. Y . 


NEW BOOKS. 

On Oxidation, Fermentation, Vitamins, Health and Disease. (The Abrah^ 
Flexner Lectures, Series No. 6.) By Albert V. Szent-Gyorgyi, M.D., 
Ph.D. (Cantab.) D. H. C., PrLx Nobel, Professor of Medicine and Orgamc 
Chemistry. University of Szeged. Pp. _109._ Baltimore: The W^uliams 
& Wilkins Company for Vanderbilt University, 1939. Price, 82.1)9. 
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New Facts on Mental Disorders. Study of 89,190 Cases. By Neil A. 
Dayton MD, M.C., Director, Division of' Statistics and Director, 
DiSion of Mental Deficiency, Massachusetts State Department of 
MeTtal Health, etc. Pp. 486 ; 110 graphs; 84 tables. Springfield, lU.. 
Charles C Thomas, 1940. Pnce, 84.50. _ 

Pneumoconiosis (Silicosis). TJw Story oJ Dmty Luny% k 

Report. By Lewis Geegory Cole, M.D., Director ofSihcotic Research, 
John B. Pierce Poundation, New York City, and William Gregory 
Cole, M.D., New York City. Pp. 56 and Appendix (47 pages) ; lUus- 
trated. New York; John B. Pierce Foundation, 1940. Pnce, $1.00. 
Sex and Life: Forty Years of Biological and Medical Experiments. By 
Eugen Stbinach, M.D., Ph.D., Formerly Professor of Physiology at 
the University of Vienna. The scientific values adapted to the lay 
reader by Josef Loebel, M.D. Pp. 252; 67 illustrations (many in color). 
New York: The Viking Press, 1940. Price, $3,75. 

The Medical Clinics of North America, Vol. U, No. 1 (Chicago Number— 
January, 1940). Pp. 283; 37 illustrations. Philadelphia; W. B. 
Saunders Company, 1940. 


This Chicago number presents a timely symposium of 14 articles (comprising 
about two-thirds of the volume) on various practical aspects of geriatrics. As a 
useful complement to the less clinical aspects of the subject comprised in the recent 
volume on Problems of Ageing (Baltimore, The Williams & Wilkins Company, 
1939), this part of the volume might well have been even further amplified. 

The Specific Therapy of the Pneumonias. By Jesse G. M. Bullowa, M.D., 
Clinical Professor of Medicine, New York University College of Medi- 
cine. (Beaumont Lecturer for 1939.) Pp. 80; illustrated. (Reprinted 
from the Journal of the Michigan State Medical Society, July-August, 
1939.) 

Clinical Toxicology. By Clinton H. Thibnes, M.D., Ph.D., Professor of 
Pharmacology and Head of the Department of Pharmacology, School of 
Medicine, University of Southern California, Los Angeles; Attending 
Pathologist (Toxicology) j Los Angeles County Hospital. Pp. 309; 7 
illustrations. Phuladelpma: Lea & Febiger, 1940. Price, $3.50. 

Orthopedic Operations. Indications, Technique and End Results. By 
Arthur Steindlbr, M.D., F.A.C.S., Professor of Orthopedic Surgery, 
The State University of Iowa, Iowa City. Pp. 766; 865 illustrations on 
322 figures. Sprin^eld, HI.: Charles C Thomas, 1940. Price, $9.00. 


Le Debit Cardiaque. Etudes Exp^rimentales et Cliniques. By Jean 
Lequime, Agr^g4 de I’Enseignement sup6rieur Assistant a 1’ University de 
Bruxelles. Preface by Professeur Paul Govaerts. Pp. 223; illustrated. 
Paris: Masson et Cie, Editeurs, 1940. Price, 40 francs. 

cf Blindheit in der Antike. Eine medizinisch-kulturhistorische 

Studie. By A. Albert M. Esser, Dr. med et phil. Pp. 178 Stutt- 
gart; FerdmandEnke, 1939. Price, Paper, Rm. 9.50; Bound, Rm. 11.00. 
Carbohydrate Metabolism. Four pages presented in a Sjunposium held at 
A ,_^encan Physiolo^cal Society at Toronto, Canada, 

April 29, 1939. Cha^an: Professor C. H. Best. (Reprinted from 

^eb^ary, 1940.) Pp. 66; illustrated.' 
Menasha, Wis.. The George Banta Company, 1940. Price, $1.00. 

, 9^ reprints of four interesting papers presented in a Svmnn'siiiTn nf 

the American Phys ological Society. TheyXl with a Xm“of e^h auWs 
experimental work, in relation to the work of others, on the Sle of enzvTes the 
live , the adrenal cortex, and the pituitary in carbohydrate metabolism. ^1. Z. 

Directory Spectafgfe Certified by American Boards. Paul 

iiTOS, M.D., Directing Editor, pp. 1573. New York- Columbia 
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ENDOMETRIOSIS. 

Although it is less than 20 years since Sampson'^ presented his out- 
standing work on perforating hemorrhagic cysts of the ovary, the inter- 
est aroused in this fascinating subject continues unabated. Of the^ vari- 
ous names suggested for tliis condition the term ‘'endometriosis has 
been generally accepted, signifying a disease in which non-malignant 
but often invasive growths are found which are composed of gland-like 
structures resembling endometrial glands. An important characteristic 
of these lesions is that, like endometrium, they react to hormonal stimu- 
lation from the ovary, enlarging during the congestive premenstrual 
phase of the menstrual cycle and decreasing in size during the resting 
phase. Wliile at first these growths were found only in the pelvic cavity, 
principally in the ovary, further investigation has shown that they may 
involve various structures both within and outside the pelvis. From the 
clinical aspect the subject has been well reviewed by Counseller® of the 
Majm Clinic, with a discussion of the various hypotheses concerning the 
pathogenesis of this condition. He has grouped these hypotheses into 
three classes: 1, embryonic; 2, metaplastic; and 3, migratory. The 
embryonic hypothesis would include the Wolffian theory of von Reck- 
linghausen and the Muellerian hypothesis favored by Cullen, in each 
of which the growths are supposed to arise from embryonic structures. 
These theories can only explain the endometriomas in the immediate 
vicinity of the uterus where these embryonic rests could exist and Coun- 
seller believes that these theories at the present time are of historical 
interest only. Concerning the metaplastic hypotheses, he recalls that 
Iwanoff first suggested a serosa-epithelial metaplasia of the peritoneum, 
which at present is usually known as the theory of Meyer who advanced 
it further. According to this theory, under the influence of an inflam- 
mation or of an ovarian hormonal action, the pelvic peritoneum might 
form tubular invaginations Avhich would sink more or less deeply into 
the tissues of subjacent organs. At the same time, the flat endothelium 
of the involved peritoneum might become transformed into columnar 
epithelium, thus producing an adenomatous appearance. Although 
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the common celomic origin of the peritoneum, the ovary and tlie Muel- 
lerian ducts might be consistent with tliis hypothesis, it seems that they 
assume profound histologic and physiologic changes for adult perito- 
neum. While it is clearly established that the ovarian hormones have 
an important effect on fully developed endometriomas, it is not estab- 
lished that they might initiate the development of these lesions. 

^ The final or migratory hypothesis assumes that the endometrial 
tissue in endometriosis has its origin in the uterine mucosa, although 
it may become transplanted in several ways. It is generally accepted, 
p suggested by Cullen, that adenomyomas of the uterus illustrate an 
invasion of the uterine musculature by its endometrial lining, or inva- 
sion by contiguity. Sampson’s hjT)othesis of retrograde menstruation 
with possible incubation of endometrial implants in the ovary is perhaps 
the most generally accepted theory. In operations performed during 
the menses, blood has frequently been seen coming from the tubes. 
However, the grafting in the pelvis of devitalized endometrial elements 
found in menstrual blood is speculative and this hypothesis does not 
explain endometriosis of tlie groin or of the umbilicus. Another sub- 
division of the migratory hypothesis is tliat of lymphatic metastasis. 
According to this tlieory it is assumed that during menstruation, by 
virtue of the indefinite limit between endometrial tissue and the sub- 
jacent tissues, epithelial elements may enter open lymphatic vessels 
and be carried to the subserosal lymphatics or to the uterosacral liga- 
ments, the broad ligaments, the ovaries, the round ligaments or the 
abdominal wall. The known lymphatic drainage of the uterus enables 
the tracing of a possible course to all of the locations in which endome- 
triosis has been seen, including laparotomy scars. Coimseller believes 
that this theory explains the histopathologic phenomena in endome- 
triosis more adequately tlian any other. 

Endometriosis is an extremely important disease of young women 
and its most predominant symptom is dysmenorrhea of an acquired or 
progressive type. Vesical and rectal pain superimposed upon dysmenor- 
rhea is almost always diagnostic, while diffuse pelvic soreness, brought 
about by walking or jarring of the pelvis in any way, is also suggestive. 
He believes tliat in the majority of cases radical surgical treatment 
should be employed, in fact radical treatment was carried out in about 
80 % of a series of 884 cases at the Mayo Clinic. Cases in which con- 
servative procedures are to be carried out must be very carefully selected 
if recurring lesions and subsequent treatment are to be avoided. The 
percentage of recurrences will be reduced by limiting conservative treat- 
ment to those in which relatively few surgical procedures will be re- 
quired to remove the disease. He believes tliat it is safer to err on the 
side of radicalism than to attempt preservation of ovarian function in 
those cases in which there is some involvement of both adnexa^ or in 
which there is considerable involvement of one side and tiie adjacent 
uterine wall. At the Clinic tliey feel tliat the upper age limit for con- 
servative procedures is between 37 and 40 yeare but the extent of the 
lesions and their location are more important in selecting the type^ of 
operation tlian is the age of the patient. It has been tlieir observation 
that when it is necessary to perform radical li 5 'sterectomy for endome- 
triosis before the menopause, the patients do not experience the severe 
menopausal symptoms tliat those patients do wdio undergo a similar 
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operation for conditions other than endometriosis. They have not been 
able to show that conservative procedures are of much value in the 
elimination of sterility since only 7 of the 55 patients whom one could 
reasonably expect to become pregnant did become so; in tact, pregnancy 
can only be expected in those cases in wWch the disease is limit^ to pne 
side or to a relatively few implants which can be excised. N^le it is 
possible to castrate these patients by irradiation rather than by opera- 
tion, it is his belief that patients under the age of 40 should be submitted 
to surgical treatment because it is impossible to determine clinically 
whether complete cessation of ovarian function is advisable. Further- 
more, it is much wiser to know whether there is any other associated 
pathologic condition of the pelvic organs before submitting the patient 
to castration by radium or Roentgen rays. The one exception to this 
rule may be a large adenomyoma of the rectovaginal septum \vhich 
cannot be removed surgically without considerable risk of producing a 
rectal fistula. 

In analyzing his series of 112 cases, Allen^ was impressed by several 
features of the disease, namely, the high incidence of menstrual irregu- 
larities, the regular appearance of associated benign uterine pimors, 
the marked prevalence of relative sterility and the wide distribution 
of the lesions. The marked irregularities in the menstrual habit suggests 
to him a glandular imbalance and would explain those instances of 
irregular bleeding occurring in patients in whom the lesions were insig- 
nificant or so located that they could not very well have been the 
mechanical cause of change in the menstrual flow. Bleeding occurred 
from the endometrium in all stages of development, although that 
representing the Swiss cheese type of hyperplasia was the most common. 
The high incidence of fibromyomas in this series was noteworthy and on 
first thought might explain the increase in bleeding and high incidence 
of sterility but it seems more logical to him to include these masses of 
functionless tissue as an end-result of hormonal cell stimulation due to 


an _ underlying glandular dysfunction. The wide distribution of the 
lesions necessitates the acceptance of either the Sampson theory or the 
theory of metaplasia, the latter pointing to some increased hormonal 
activity. The high incidence of sterility, in spite of patent tubes and 
potent mates, suggests some disturbance in physiology rather than 
mechanical interference since sterility is a common result of glandular 
imbalance characterized by menstrual irregularities. On the whole, 
therefore, he feels that endometriosis is a manifestation of cellular 
metaplasia caused by glandular dysfunction and until we know more 
about their action prolonged administration of potent glandular prod- 
ucts may be fraught unth danger. 

Of 375 cases of endometriosis reported by Pemberton, 66% had 
radical operations and 34% were treated by conservative methods, 
either o^rative or irradiation. There was only one death in the whole 
series. Ut the cases treated by conservative measures, 29% needed 
urther tre^ment. He believes that Roentgen ray should be used for 
secondap treatment if the chief symptom is menorrhagia or dysmenor- 
rhea but not under other circumstances. He is cautious in the use of 

to f y cases because the intestine may be adherent 

to the uterus and therefore may be devitalized by radium placed within 
the uterus. Pregnancy occurred after conservative operation in 19 of 
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the 76 patients in •whom it might have been expected, so that for this 
reason alone be belie'v'es that a conser\'’ati\'e operation 'will often be indi- 
cated. If pregnancy is not a factor in the decision as to the type of 
operation he feels that it is better to perform a hysterectomy with 
bilateral oophorectomy because of the high percentage of failure of the 
conservative operations. 

In contrast to the radical views concerning treatment which hai’e 
thus far been presented is the report from the Lahey Clinic of a small 
series (43 cases) reported by Cattell and Swinton.^ They have found 
that a preoperative diagnosis of endometriosis is seldom made; 3 such 
cases were reco^ized before operation in their series and several more 
had this tentative diagnosis, one was an obvious lesion of the round 
ligament while the other two caused obstruction of the sigmoid at the 
time of menstruation. Ovarian endometriosis will always be difficult 
to differentiate from chronic pelvic inflammation but such symptoms 
as abnormal menstruation, sterility, acquired dysmenorrhea and lower 
abdominal pain should make one consider endometriosis particularly 
when associated \vith a fibroid uterus or malpositions of the uterus which 
interfere with its drainage. They agree with the preceding authors 
that the treatment of this condition depends on the extent and location 
of the lesion, the age and the general physical condition of the patient, 
but complete involvement of the ovaries and the necessity for castra- 
tion have been rare in their experience. Tliree of their patients have 
had children following the removal of one ovary for endometriosis. 
They feel that the removal of all ovarian tissue in young women is a 
very serious matter and is not warranted in this disease where local 
excision can be performed. In women over 40 years of age supravaginal 
liysterectomy with removal of tlie tubes and ovaries is indicated. In 
poor risk patients, it is to be remembered that castration will cause the 
lesion to recede and usually relieve symptoms. In this group the pro- 
duction of an artificial menopause tlrrough the use of Roentgen ray 
therapy should be considered. In the rectovaginal group where intes- 
tinal obstruction has not occurred, tlie disease can be relieved by local 
excision followed by the production of an artificial menopause. Where 
intestinal obstruction has occurred, the obstruction must first be re- 
lieved by colostomy. This colostomy should be done in such a manner 
that it can later be closed, since following the removal of the ovaries 
the lesion will regress and the obsti-uction will be relie\’ed. In bladder 
endometriosis, the production of an artificial menopause will cause the 
lesion to disappear. In endometrial tissue in the appendix, the removal 
of that organ will end all trouble Avhile local excision will usually cure 
other types of endometriosis. In a w'ord, they have found tliat the 
end results after both conservative and radical operations are satisfac- 
tory in properly selected cases. 

Endometriosis of the Bladder. In a review' of reported cases of 
bladder endometriosis, including one of his ovm, Henriksen® has found 
that a fairly constant sj'mptom complex presents itself, altliough a few' 
have been asymptomatic from a urinary standpoint. In tlie majority 
of the cases frequency, dysuria and hematuria appear several days 
before menstruation, pei’sist during the flow and continue for a day or 
even a week after its cessation. The course of the disease is chronic, 
starting first with a slight discomfort, which is constant but not aggra- 
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vated by the menstrual periods, though later the clinical picture changes, 
the following description being fairly typical. Increased frequency of 
urination both by day and by night is the most common complaint and 
as a rule completely disappears between the periods. Dysuna varies 
but usually occurs at the end of micturition, more as a sense of discom- 
fort than as actual pain. Hematuria, because of its microscopic nature, 
is rarely noted by the patient and is present only during menstruation 
or just preceding it. There is a marked variation in the seventy of the 
symptoms depending on the size and topographic location of the tumor 
within the bladder, as well as the degree of tissue reaction during the 
menstrual period. When the ureters are encroached on there is the 
added symptom suggesting kidney involvement. The youngest patient 
in the group was 19 years of age. There is apparently , however, a pre- 
' dilection for the decade between 35 and 45 years and except for one case, 
all have oceurred during menstrual life. As a rule the tumors are located 
within the floor of the bladder, just above or between the ureters, pecu- 
liarly more toward the right side. They are rarely found in the vertex 
and though they may involve the trigone, the involvement is through 
extension. The size of the tumors is fairly constant, being generally 
between 2 and 4 cm. and they usually present a distinctly nodular 
surface. The treatment of this tumor cannot be prescribed dogmatic- 
ally. The size, location, age and general condition of the patient are 
the deciding factors as to which of the two possible therapeutic pro- 
cedures is -best suited. Complete excision is the method of choice in 
young women desirous of children and in whom the margin of bladder tis- 
sue safety is sufficient, while castration is done, either by operation or by 
irradiation, in patients near the menopause or in whom the growth is 
too extensive for excision, or when the general condition of the patient 
contraindicates surgical measures. Since there are cases presenting an 
atypical picture, this tumor may easily be mistaken for a malignant 
lesion of the urinary bladder. 

In presenting a complete history of a case of this disease, beautifully 
illustrated with colored plates, Phillips^^ reviews 29 cases previously 
reported in the literature. He believes that the incidence of bladder 
endometriosis is far greater than reported and would be found if the 
cystoscope were used more frequently in diagnosis. The possibility of 
the disease should always be thought of in a patient suffering from fre- 
quency of urination, dysuria and hematuria. When this triad is cyclical 
and IS exacerbated during the period and one finds on cystoscopic exam- 
ination that blue-black” cysts and “endometriotic edema” are present, 
the diagnosis of endometriosis of the bladder is certain. He believes 
that the method of choice in treatment is by the induction of an arti- 
hcial menopause with Roentgen ray. Surgical interference, however, 
IS indicated m those few cases in which the patient is considerably under 
the menopause age and is desirous of children. In reporting a single 
case of his own, Reynolds^’- corroborates practically everything that 
Phillips has stated and agrees with him as to the choice of treatment. 

Endometriosis of the Umbilicus. Presenting 2 eases of his own and 

nmbnl"^ literature, Welleri® states that the 

umbilicus cannot be regarded as a rare location for endometriosis. In 
this location smooth muscle is not often present so that the term “adeno- 
myoma is inappropriate. The sweat glands, which have been men- 
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tioned repeatedly in connection witli umbilical endometriosis, have no 
part in the genesis of this condition. The origin of the disease in this 
location is explainable only with the greatest difficulty under the im- 
plantation and metastasis theories but is readily understandable under 
the various modifications of the serosal theory. For those especially 
interested in umbilical endometriosis, the article of Boggs- is heartily 
recommended since in addition to reporting his own case very well, 96 
other cases from the literature are reported chronologically and a com- 
plete bibliography of the subject is appended. He reminds us tliat this 
condition always occurs during the years of ovarian actmty and tire 
cyclic nature of the symptoms, corresponding to the menstrual periods, 
will usually suggest endometriosis. The symptoms include the secre- 
tion of a blood-tinged fluid from the navel and pain, tenderness, swelling, 
itching and bluish discoloration. The tumors usually reach full size 
in from 2 to 6 months, ranging from 1 to 3 cm. in diameter, occasionally 
reaching a diameter of 5 cm. These tumors must be differentiated from 
uterine fistulas, which also may produce menstruation. The treatment 
of choice is wide excision, the technique being that used for hernial 
repair. It is interesting to note that in the case he reports, the patient 
was an unmarried woman of 49 years who had had a hysterectomy 2 
years previously. This was followed by a period of amenorrhea until 
menstruation from the umbilicus began, but she never had furtlier 
vaginal bleeding. 

Rare Forms of Endometriosis. A case of cndomcirioma of ihe 
■pcrincinn has been recorded by hlaliphant® who presents 3 other cases 
collected from the literature. The case recorded occurred in a patient 
operated upon for a lacerated perineum. The day after operation she 
menstruated and 2 years later a tumor developed in the perineal scar 
which showed- the typical structure of uterine mucosa. The history 
is very suggestive that tliis tumor was a true implant and that it had 
grown from a fragment of exfoliated uterine mucosa in the menstrual 
discharge. 

At the Lahey Clinic according to Cattell,^ 16.3% of the 104 patients 
with endometriosis had intestinal symptoms due to inrolvcincnt of ihe 
sigmoid and rectum. The diagnosis is seldom made preoperatively 
but should be suspected when the obstruction is long standing and is 
worse at tlie time of menstruation, when tliere are associated pelvic 
findings and when the local lesion on examination by tlie sigmoidoscope 
and barium enema is not typical of carcinoma. The condition _ can 
usually be readilj’’ recognized at operation. Because of tlie complicat- 
ing intestinal involvement, the operative treatment must be directed 
not only to the ovaries but to the intestinal lesions as well. It is some- 
times necessary to resect the sigmoid but often removal of the ovaries 
is all that will be necessary since tlie growth will regress after tlie arti- 
ficial menopause witli its accompanying loss of ovarian hormone. In 
cases of severe intestinal obstruction due to tliis lesion, a temporary 
colostomj’’ will have to be made. 

Schumann and Parke^"* report 2 cases in which endometriosis occurred 
in laparotomy scars and they comment tliat almost all of tlie reported 
cases follow a Cesarean section or pelvic laparotomy altliough several 
have followed an appendectomy. These endometriomas usually present 
themselves as fairly firm, nodular masses rarely larger than 3 or 4 cm. 
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in diameter, Ijdng in the laparotomy scar and sometimes enlarge and 
even discharge blood at the menstrual period. They may or may not 
produce localized pain, are usually attached to the sheath of the rectus 
muscle and rarely penetrate the parietal peritoneum. 1 hey have tound 
no report of a malignancy developing in an abdominal endometrioma. 
After a discussion of the theories of origin of these tumors, such as has 
been presented previously in this review, they conclude that the mechan- 
ical implantation theory of Sampson is the only logical explanation for 
the appearance of these implants in abdominal scars. . . i • i 

Three cases are reported by NeeP from the Mayo Clinic in which 
endometrial tumors were present in the inguinal region. In the first 
case, the menses were regular and without pain and there had been no 
previous operation. In the second case, a right herniorrhaphy had 
been performed 18 years previously and the incision had drained for 
4 months. Pain and soreness in the inguinal region were more pro- 
nounced during menstruation. In the third case, an appendectomy 
had been done 17 years previously and for 2 years preceding admission 
the patient complained of pain over the lower right abdominal quadrant 
at each menstrual period, often persisting for 10 or 15 days after the 
period. Although these tumors, often called adenomyomas, may occur 
at any point in the round ligament from its uterine attachment to its 
termination in the labium majus, they are said to be 3 times as common 
in the extraperitoneal portion of the ligament as in the intraperitoneal 
portion and are usually found near the external inguinal ring. The 
frequency with which an inguinal hernia is associated is very striking. 
The diagnosis of a typical lesion should offer no difficulty. The pres- 
ence of a more or less fixed, irreducible swelling in a woman in the child- 
bearing age, which is more prominent and more painful during each 
menstrual period, or is associated with discomfort which is more pro- 
nounced following the menstrual period, should lead one to suspect the 
true nature of the tumor. In one of the cases reported in the literature 
the patient complained of an abscess of the vulva which had been dis- 
charging for 2 years and which had caused tlu-obbing pain during men- 
struation. In another case, the inguinal mass had been mistaken for 
a broken doum lymph node and had been incised after which a sinus 
developed and blood had been discharged at each menstrual period. 
If the tumor is asymptomatic, the diagnosis will probably be made only 
by the pathologist. 

The e.xperimental production of endometrial transplants in the lungs 
of rabbits has been demonstrated by Hobbs and Bortnick.'^ These 
experiments have also demonstrated that endometrial tissue can be 
transported through the veins to the lungs. (They^ have recorded the 
iistory of a woman of 42 which, while lacking positive proof, strongly 
suggests the diagnosis of endometriosis of the ffing. — C. C. N.) Endo- 
inetrial tissue has been demonstrated in the lumina of veins and lymph- 
a ics y other investigators and an abundance of information has been 
recorded from which one can deduce that uterine mucosal tissue must 
be transported through the lymph and blood vascular systems. With 

transported through these systems 
tn believe that it is logical 

ffithe W. occasionally become implanted 

he lungs. It is also plausible that this tissue might rarely be found 
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in any organ in the body, since it may get into the left heart either by 
passing through a patent foramen ovale or by propagating tlirough the 
capillaries of the lungs into the pulmonary veins and thence into the 
left heart. With tliis possibility of wide dissemination in mind, a 
credible theory for the explanation of vicarious menstruation becomes 
evident since it may be due to endometrial transplants in the area from 
which the periodic bloody discharge issues, 

Frank B. Block, M.D. 
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THE COSTS OF SYPHILIS. 

To gain insight into the monetarj'’ needs for tlie effective control of 
syphilis, it is highly desirable to collate what information is available 
in the recent literature on the cost of syphilis. We must recognize 
that any attempt to determine and correlate these costs_ at present 
results only in a gross approximation. Such a compilation is of limited 
usefulness also, as the costs, botli direct and indirect', vary from tune 
to time and from locality to locality. Not only are the figures few 
and inaccurate, but the costs themselves are of an indefinable char- 
acter. In the direct costs of medical care the proportion of the expendi- 
ture necessitated by the incidental finding of syphilis among the re- 
cipients of service is a fraction which defies calculation. The mdirec 
costs are even more vague, and their extent is a matter of conjecture. 
In this attempt to assemble the most important of the available con- 
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tributions to this subject, we recognize the shortcomings of the f ate, 
as well as the deficiencies' in the methods by which they were obtained 

Certain individuals in this country have' been especially prominent 
in the effort to arrive at an idea of the costs of syphilis to t]^® 
and to the community as a whole. Among them are Keidel of J3alti- 
more, LoefHer^o of St. Louis, Bromberg and Davis^.^ of Chicago, Brum- 
field®’^® of Albany, N. Y., and his associates of Baltimore, Groldberg ■ 
of New York, Rice®^ of the United States Public Health Service, and 
Nelson®®“'''''= of Massachusetts. In keeping with the lack of definition 
of the costs of syphilis, some of these individuals criticize each other’s 
methods of approach, but derive figures with a surprisingly similar trend. 

The magnitude of the costs of syphilis can be surmised from the 
incidence and prevalence figures for this disease in the United States, 
as given by Vonderlehr, Usilton, and Nelson.®®’’>'^’«’^® On the basis of 
one-day cross-sections and other statistical determinations, it is now 
definitely known that the minimum number of persons in the United 
States constantly in need of medical care because of syphilis is near 
683,000, or 4 per 1000 population. Furthermore, in the United States 
annually 500,000 cases of early syphilis seek authorized medical care. 
In addition, there is a large undetermined number of individuals acquir- 
ing the infection who neglect treatment until some late manifestation 
forces them to have attention. 

Vonderlehr and Usilton (1938)^® showed that “the probability of 
acquiring syphilis sometime in life is 1 out of 10.” This statement is 
founded on the annual attack rate applied to 100,000 individuals born 
alive and followed throughout life. Although the annual attack rate 
seems low, when cumulated so as to indicate the probability of acquir- 
ing syphilis by a given age, it is found that one-tenth of the people 
before the attainment of the 50th year of life -will have acquired syph- 
ilis, out of every 100,000 born alive. This rate is usually lower than 
that found on routine serologic examination of persons tested under the 
antenuptial physical examination laws, in industry or any random 
sample of the population. Vonderlehr and Usilton^® give several 
reasons for these differences : a. Many persons in a random sample 
are still in danger of acquiring the infection, but have not yet acquired it; 
b, the blood test for syphilis becomes negative, either spontaneously 
or as the result of treatment in many infected persons; c, death removes 
from the population a high proportion of those who are infected. 

Vonderlelu’ and Usilton also show that treatment decreases the 
probability of a disastrous outcome in syphilis, so that serious late 
manifestations, such as neurosyphilis and cardiovascular syphilis are 
greatly diminished. 

The Cost of Treatment of a SyphiUs Patient. In 1919 Stokes®® esti- 
mated that for patients of moderate means, the fee cost or cost to the 
patient of treatment of secondary syphilis in private practice was 
seldom less than §500. In complicated cases, of course, the expense 
nas ^ea er. He further stated that the patient acquired syphilis 
^^ 11 ^ 1 ^’1 victim has reached an earning capacity which 

T Y't^^he situation. The result is he neglects 

it and loses the opportunity for cure for which, in later years, as suc- 

official, he would give all he has. 

lieidel in 1931 estimated the cost to the patient of treating syphilis 
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in Baltimore at minimum private rates as S3S0 for a period of 15 months, 
and the cost at average rates to be S650. 

Bromberg and Da^^s® believed the cost to various patients may be 
expected to differ because of: 1, Medical factors, particularly the state 
of the disease at which treatment is begun. 2, Public health provisions, 
particularly the extent to which health departments provide free sero- 
logic tests or arsphenamines. This is done in some localities but not 
in others. 3, Social and economic factors, such as the financial cir- 
cumstances of patients, the prevailing scale of medical charges and of 
prices for drugs, at different times or in different parts of the country. 

Because of these varying elements, Bromberg and Davis® believed 
no single amount can be designated as “the” cost of treating the 
disease. Tentative cost figures are applicable to specific local condi- 
tions and to a specified period of time. Based upon the cost of a 
“standard treatment” for one year, or by ascertaining the cost of 
treating some actual cases, these authors decided the cost to the patient 
of the “standard treatment” by a general practitioner, at minimum 
rates, for a patient not regarded as an object of charity, would be 
S2GS for one year. The expense at the minimum rate of the specialist 
would be S485. The cost to the patient at the rate of the better knovm 
specialist would be SlOoO. If the patient were treated at a pay clinic, 
the cost would be, depending on the clinic, about 8133, or 8169 for a 
grade of service for which 8300 to 8900 more would liave to be paid for 
private care. 

For the actual treatment given to 7 patients by private practitioners, 
8273 to 8723 was spent, with the expense for 1 individual case reaching 
a maximum of 81425. Bromberg and Davis® felt that a figure of 
8300 could be used as the minimum at private rates for the adequate 
treatment of syphilis for one year. 

Moore-®° believes that according to estimates, adequate treatment 
for early syphilis may be furnished at minimum clinic standards at a 
cost of 825 per patient; and on the basis of the highest standard of 
clinic practice, for 850 per patient. Gehrmann’*" (1938) also found, 
after 4 years of operation of a syphilis protective program in the E. L 
duPont de Nemours Company, that a complete course of treatment 
cost the company 850. Davis® estimated (in 1932) that about 80% 
of the population could not pay for adequate care of syphilis at private 
rates; about 50% of the population could pay for the adequate care of 
syphilis at pay clinic rates, although not at private rates; except when 
the usual minimum fee is cut by the physician to about half; fully 
one-third of the population, if infected, must receive treatment for 
syphilis free or for nominal amounts; and the cost of treatment is an 
important cause of the insufficient or inadequate therapy^ which many 
infected persons receive. In this connection Gehrmann^®® found that 
“most physicians demand pi'ices for treatment that are beyond tlie 
means of the individuals and out of reasonable proportion to their 

incomes.” _ • • t 

Nelson,®®"^ in discussing the provision of treatment for genito-miec- 
tious diseases in the indigent in Massachusetts, found, after 7 months 
of e.xperience, that the average cost per clinic visit is approximately 81- 
Patients pay about 21 % of this cost, and the Commonwealth pays the 
balance, or about 8200,000 annually. For 79 cents per visit, the 
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Commonwealth provides not only for the treatment of these clinic 
patients, but also for reasonably adequate case co^rol and case finding, 
Lne by the clinic personnel. Furthermore, the Department approves 
of the payment of the clinic medical personnel wherever possible, so 
that for slightly over 75 cents per visit, the Commonwealth purchases 
full treatment, follow-up, and epidemiologic service for those who me 
unable to pay for private medical care, and who are able to reach cimics. 
In order to reach individuals at distances, inaccessible from dimes, 
the Commonwealth has experimented with providing treatment in 
private practice. On proper application, the physician is allowed by 
the Commonwealth $2 per visit. This fee is over and above any drugs 
whicli are supplied free by the Common'wealth to physicians and clinics 
alike, for the treatment of syphilis. This and similar attempts to 
compensate private physicians on a fee basis have resulted in such 
abuse that efforts along these lines have been largely abandoned. _ No 
satisfactory substitute applicable to all rural areas has yet been devised, 
though in some sections the traveling clinic or employment of selected 
physicians on a salary basis to treat patients in their offices free or at a 
reduced fee basis has proved more practical than remuneration on a 
purely basis for treatment-patient visits. 

If the 250,000 visits made to clinics were to be paid for at private 
rates, it would have cost the Commonwealth of Massachusetts 8500,000 
annually, instead of $200,000, and this, more than double cost, would 
have paid for treatment only. Actually, it has cost the Commonwealth 
approximately $20,000 per year to provide treatment at private rates 
for the relatively few patients who cannot attend the clinics. It costs 
another $30,000 annually to provide hospital care for patients who need 
and cannot pay for it. 

Nelson’s^®' estimate of about $1 for the treatment of syphilis in the 
various Massachusetts clinics comes close to Keidel’s^® figure of $1.03 
per visit for patients coming to the Johns Hopkins Hospital Clinic 
in 1931. Goldberg^'^*’ also found that $1 per clinic visit was a suitable 
standard figme for clinic visit costs in New York City. 

Hospital, Clinic, and Laboratory Costs of Syphilis (Direct Costs), 
Three methods, according to Brumfield® have been followed as a means 
of obtaining data on the true costs of syphilis. In the first, used by 
Loeffler®® in a survey in St. Louis in 1932, an effort was made to deter- 
mine by questionnaire not only cost of treatment in private practice, 
but also indirect costs such as relief to families of wage earners incapaci- 
tated because of the disease and of legal proceedings involved in the 
supervision of prostitution. This study did not separate the costs of 
gonorrhea and syphilis. Brumfield and Goldberg criticized this survey 
on the grounds that the sample of information obtained from physicians 
answering the questionnaire cannot be translated to indicate the 
experience of those who did not reply. They contended that it is 
impossible to determine the proportion of hospital overhead expense 
which was allocated to venereal disease patients and the data obtained 
concernmg indirect costs cannot be relied upon, since 

venereal diseLes is not 

dehnite. Goldberg believed that $1,000,000 of the total estimated 
minimum of some $2,000,000 was open to criticism. 

more reliable study of the direct costs of syphilis was made by 
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Thompson, Brumfield, and Caldwell.^® They selected Baltimore in the 
year 1933 for their study. Their investigation was limited to those 
items for which they believed reasonably accurate information could 
be obtained. Data were secured from the actual records of the hospitals 
and institutions studied, and the survey was restricted to current 
expenditures, with no efi'ort to estimate fixed overhead or fixed charges 
on capital investment, so that it included only the costs of hospitaliza- 
tion and clinic facilities, including laboratory services in connection with 
them and antisyphilitic drugs. These investigators found that the 
total measurable direct expense of syphilis to the city of Baltimore 
during 1933 was about $170,000 less about 811,000, the amount paid 
by patients. It is important to call attention to the fact that the total 
figure is the unquestioned minimum cost, and does not include any of 
the following indirect costs, the proportionate total of which ascribable 
to syphilis can only be surmised : 1 , Fi.xed overhead of hospitals, clinics 
or laboratories; 2, fixed charges in capital investment of hospitals; 
3, library service for blind syphilitics; 4, special schools for handicapped 
cliildren; 5, blind pensions; G, sums e.xpcnded by private physicians and 
private laboratories; 7, fees paid by patients to private physicians and 
laboratories; S, relief paid by Federal Government or local charitable, 
agencies to patients disabled from syphilis, or to tlieir families; 9, 
legal and police measures for the repression of prostitution; 10, money 
wasted by patients with quack physicians and cultists; 1], cost of self- 
treatment at drug stores; 12, economic losses to industry and society. 

Thompson and his co-workers then concluded that: 1, The total 
direct cost of syphilis to the city of Baltimore during 1933 was (roughly) 
8170,000; 2, indirect costs were not estimated; 3, in direct community 
costs alone, each new syphilitic patient was responsible for the charita- 
ble e.xpenditiire of about SIS per year; 4, only by a reduction in the 
incidence of syphilis can the total e.xpenditurc be decreased; 5, only by 
the provision of adequate ambulatory clinics can the incidence of 
syphilis be reduced. 

Goldberg'^® used a third method of approach in the determination of 
the direct cost of syphilis and gonorrhea in New York City.- This 
survey was limited to those items included in the Baltimore study, the 
two diseases being considered separately. Goldberg'^® analyzed a large 
number of records of representative hospitals and clinics and estimated 
the total cost from these. His results were surprisingly similar to those 
obtained in the city of Baltimore. 

Brumfield (1938)® compared the results of a survey of the hospital, 
laboratory, and clinic costs of syphilis in Buffalo, New York (popula- 
tion approximately 573,000) for 1936 with similar costs found in the 
Baltimore, Md. (population approximately 805,000), study by Thomp- 
son, Brumfield, and Caldwell in 1933. The total, costs in each of these 
studies approximated each other (about $165,000 in Buffalo; about 
8179,000 in Baltimore), but the distribution of some of the e.xpenditures 
varied considerably. 

In either city the major cost was borne by public expense, b}' tox- 
payers direct, or by privately endowed charitable organizations. X le 
cost of hospitalization of late syphilitics greatly exceeded the cos o 
clinic and laboratory services. This represents a great economic oss 
since only a few of the patients so hospitalized could be rehabilitated. 
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“The cost of treatment of late syphilitics in Buffalo was considerably 
more than in the city of Baltimore. The difference is believed to be 
due largely to the greater ease with which patients could obtain ho_s- 
pitalization in Buffalo rather than a greater prevalence of syphilis in 
Slat city. The excess cost was represented largely in the greater 
number of Buffalo residents cared for m New York State hospitals for 

mental diseases. v -u j • - 4 . 1 . 

A. sEiving in public funds could be accomplished in either^ city 

through case-finding procedures directed toward the placing of patients 
under treatment in the early stages of the disease and thus preventing 
late manifestations. The expenditure of funds for such procedures 
would undoubtedly be saved many times over.'/ 

Moore stated that the cost of hospitalization and of direct relief paid 
to disabled syphilitics, chiefly the insane, paretic, and the irremedial 
cardiac, may be conservatively estimated in the country as a whole as 
somewhere between $35,000,000 and $50,000,000 per year. This sum 
could largely be saved by proper attention to early syphilis. 

Based upon a $25 to $50 per patient standard of treatment for clinic 
practice, Moore^® estimated the total cost of treating the known 
518,000 annual fresh infections so well that incapacitation caused by 
late syphilis and the expense it causes could be decreased to insignificant 
proportions, would therefore be between $12,000,000 and $25,000,000 
per year. He believed that if the more probable figures 1,000,000 
patients with fresh infections should be treated each year, an annual cost 
of between $25,000,000 and $50,000,000 would be required. Twenty- 
five million dollars spent for early syphilis will do more good than a 
much larger amount spent for late s^’philis. 

Estimates have been made for various items in the cost of the care 
for syphilitics. Several of these are; 1 , Cost of laboratory procedures 
for the diagnosis of syphilis; 2 , cost' of antisyphilitic drugs; 3 , cost of 
epidemiologic control; 4, hospital costs. 

_ 1 . Keidek® found that the actual cost of doing a quantitatively 
titered Wassermann with an additional flocculation procedure on each 
sample of blood submitted in a small but reliable laboratory, doing 
200 tests per month, was $1.63 per specimen. If 500 tests per month 
were run, the estimated cost would be 66 cents. The serologic labora- 
tory at the Johns Hopkins Hospital, doing over 50,000 tests per year 
does them at an average total cost of 29 cents each. The Massachu- 
setts Department of Health (Nelson and Crain®®) doing 200,000 tests 
annually can do the serologic tests at 12 cents each. Webb and 
hellers found that 46 state and 15 city laboratories performed 2,854,000 
tests m 1935. Based on Keidel's lowest cost, this comes to $828B00 
annually. Brumfield,® m his comparison of Baltimore and Buffalo 
costs, noted a per capita expense of $0,043 for Baltimore and $0,044 

L mention the actual cost per 

test. Gehrmann (1938) stated the cost to the du Pont de Nemours 
Company for a Kahn test was 20 cents. ' 

0 / anjisyp/dhlte drugs is variable, dependent upon the 
tjpes of drugs, the locality in winch the drugs are purchased, and the 
arrangements with manufacturers, which the various agencies supply- 

about S/000 while only about $2000 were spent in Buffalo. The costs 
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of antisyphilitic drugs in Baltimore were estimated while in Buffalo 
figures were supplied by the New York State Department of Health." 

3. Ingraharn^" has estimated the cost of epidemiologic control work 
in clinic practice. The cost for complete service includes expenditures 
directed toward: 1, Instructing the patient. 2, Obtaining usable 
information concerning sources of infection and contacts, and bringing 
these contacts under observation. 3, Correspondence, telephone calls, 
and home visits involved in keeping the patient coming in regularly for 
treatment. 

These figures are on a yearly basis. The total cost of uncovering 
0.36 infected contacts per each newly infected case, and of keeping some 
35 per cent of patients under active therapy for a year in Clinic II in 
New Jersey, amounted to SI 1.36 per patient per year. This cost in 
Clinic I in New Jersey, which presents a relati\-ely lower contact rate 
(0.23 per infected patient) but a higher case-holding ability (57% suc- 
cess) amounts to 816.5S per patient per year. In the University of 
Pennsylvania Syphilis Clinic, the cost was S5.99 for successful follow-up 
service, and for successful contact tracing, it is S5.22 per patient. The 
total cost per patient is SI 1.21. This is about equal to the figure for 
Clinic II in New Jersey. 

4. The cost for the hospibilization of syphilitics has also been esti- 
mated. This cost for late syphilis is more than the costs of clinic and 
laboratory ser\'ices. In Buffalo® this item represented about two- 
thirds of the total e.xpenditures. In Baltimore it was less than half 
of the total outlay. Goldberg'" found that the New York City hospi- 
tals and the State hospitals admitting patients from the city were 
obliged to e-xpend more than $1,000,000. 

Estimated Cost of Maintaining a Program for the Control of Gonor- 
rhea and Syphilis. The Advisory Committee to the United States 
Public Health Service' in 1935 prescribed a program for the control of 
gonorrhea and syphilis by state and local health departments. The 
cost of canying out these recommendations has been estimated for 
Massachusetts by Nelson.-®® It would require a budget about twice as 
large as the budget in force in 1935 for the essential program and one 
about four times as large for the recommended program. 

Nelson®®® believed that if total appropriations from all public funds 
for the control of communicable diseases are taken into consideration, 
that part spent for the control of gonorrhea and syphilis must be rela- 
tively insignificant. On that basis, the e.xpenditure bj-- the state of 
between 8300,000 and $400,000 annually cannot be considered as a 
disproportionately large sum for the control of two such prevalent and 
economically serious diseases as syphilis and gonorrhea. He further 
stated “that large sums of money have been appropriated for the con- 
trol of tuberculosis, for the purification and protection of water supply, 
and for the control of cancer because the public has learned that thpe 
things are worth spending money for. The need should determine 
the expenditure rather than relative prevalence. Nothing could be 
more striking than the $1,272,580 spent by tlie State for the contro 
of tuberculosis (in 1935) compared with $259,425 spent for the control 
of other communicable diseases, whereas the reported prevalence oi 
tuberculosis is only 5.1 % of the reported prevalence of all communicable 
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diseases. On the basis of relative prevalence, only $13,000 should be 

spent on tuberculosis.” i n * 

The Massachusetts Department of Public Health spends 6.2 cents 
per capita exclusive of Social Security funds on syphil^. If the same 
per capita rate were expended by all of the State Departments of 
Health, the total outlay would only be about $8,000,000 m this country 
of an estimated 130,000,000 population. This sum is small m compari- 
son with the $50,000,000 needed for the adequate care at clinic rates of 
only those fresh infections which come to medical attention annually. 

It may be pertinent to comment here briefly on the question of the 
reaction of many physicians to the state and national program, based 
upon fears of socialization of medicine. While it is definitely not 
appropriate to make polemic issue of this problem here, the analysis 
by Gilman’® of the competition of the State with private practice 
reduces the arguments to absurdity. For example, he calculated, on 
the basis of $3,000,000, appropriation for the whole of the United 
States set aside for syphilis control for 1938 that a sum of 80 cents per 
year per clinic patient was available. This figure is based on the 
assumption that all of the money is expended in syphilis control. 

Costs, Direct and Indirect, for Various Aspects of the Syphilis Prob- 
lem. Cost of Syphilis to Industry and Labor. In the review of Syphilis 
in Industry by Stokes, Beerman, and Ingraham®® it was pointed out 
that figures for the cure of syphilis in industry have still a somewhat 
speculative character. Many of them are old and possibly outdated; 
based on individual surveys of industries whose identities are concealed 
and whose representative character for the problem in general or the 
country at large cannot be determined. Among the most quoted esti- 
mates are those of Parker®’ (1932), including 12% syphilis in a group 
of railway employees exliibiting delayed convalescence and disability 
whose total loss of time represented 13,94:6 days, and $48,711. A large 
industrial concern, unnamed, whose personnel efficiency had dropped 
below expectations, found that 1 in 10 employees had gonorrhea or 
syphilis, 68% of the non-effective employees were on the sick list 
because of these diseases, and those venereally diseased had lost three 
times as much time as persons not affected. Each person with syphilis 
or gonorrhea was paying out an average of $75 a year for such treatment 
as w^ being given. The establishment of a clinic within the industry 
for adequate treatrhent and assistance to these persons presently offset 
the cost to the establishment by increased production. A West Virginia 
manufacturing concern, as a result of the installation of a clinic for 
venereal di^ase costing $5000 to $6000 for the first year, sustained an 
increased efficiency of 35 %. 

‘Tt is cle^ from a review of the literatui-e that statistics providing 
adequate_ differentiation among types of employees, types of industry, 
and obtained by methods other than mere routine serologic testing of 
blood are really needed before the problem can be envisaged in its 
entnety, and principles formulated.” 

da^W Sn population, aged 15 to 45, the number of 

21 000 non venereal diseases is at least equal to 

1,000,000 per year. At the average wage of $4 per day, $84,000,000 
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in wages are lost, to say nothing of the cost to employers, compensation, 
medical costs, and labor turnover.- 

Moore^ has made a thorough discussion of the problems, social and 
economic, involved in s\Tiliilis and unemployment. He has not, how- 
ever, estimated the possible financial cost of this important subject. 

and Crime. Without entering into a discussion of the social 
implications involved in the problem of syphilis and crime, it is interest- 
ing, even if not more than coincidental, that among prisoners the 
incidence of syphilis is higher than in non-criminal groups. This whole 
subject was discussed by Church’ in 193S. 

Parran’s Committee’®'"'-*®"’"®’^®'®''^*^’ reported from the literature, 
among 119,000 individuals which represents the average prison popula- 
tion for Federal and State prisons in the United States, there were on 
an average of from IGO to 170 per 1000 individuals with positive blood 
tests for syphilis. 

Surgeon Hawld® of the United States Public Health Service found 
in the prisoners of the penitentiary at Fort Leavenworth, that the 
prevalence was highest among negroes, 36.4%; 34.9% for the red- 
brovm races; 19.1 % for the Caucasian race; and 11.4% for the Mongo- 
lian race, with a general average prevalence of 21.7 % for a period of 
2\ years. KeiP® found IS.2% positive blood tests in an Ohio peniten- 
tiary. Heller'® (1936) in a study of the short-term prisoners in a peni- 
tentiary, in eastern Tennessee, found positi\'e blood tests for syphilis 
in 20.2% of the whites and 44.6% of the negroes with an average per- 
centage of 29.3%. As a control for the incidence among these two 
groups, Heller used statistics on negro families in rural Tennessee, 
among whom 26 % had positive blood tests, while a white survey in an 
industrial plant in the same section of the State 5 delded 4.1 % positive 
tests. Negro males in an industrial project yielded 15 % positive tests. 
Heller also found that 30.2% positive serologic tests in the spinal 
fluid in the whites; 21.1 % in the negi'oes, and an average of 24.6% in 
both. He felt that the actual percentage may be higher since only 
patients with positive blood tests had their spinal fluids e.vamined. Of 
those with neurosyphilis, 45 % showed enough positive signs to make the 
diagnosis clinically. Church’ also cited a number of statistics regard- 
ing the association of syphilis and homicide. 

It is obvious, although syphilis is not blamed for criminality, from 
the frequence of syphilis among criminals that this disease cost the com- 
munity a considerable amount of money. The e.xact sum is by no 
means calculable. . . . 

Syphilis and Insurance. The problem of insurance and syphilis is 
receiving increasing attention. There are no accurate statistics on the 
number of individuals who sustain insurance benefits or economic losses 
in the form of increased premiums because of syphilis. Compensation 
paid because of the contributory effects of syphilis is likewise an indefi- 
nite quantity. The detection of syphilis in applicants for insurance can 
be facilitated by the use of a sensitive precipitation test as suggested by 
Rein, LeMoine, and Stephens.®® Murrell and iManson®’ and Short and 
Kelley®® in recent papers made observations on the incidence of syphilis 
among insurance applicants and suggestions for the equitable solution 
of this problem. 
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Cost of Qtiach Medicine and Self-Prescribing. This phase of the cost of 
sypliilis is again one winch defies estimation. It is, however, recog- 
nized that it represents a large figure and in the careful study of Edwards 
and Kinsie" there is some indication “that the sale of such patent 
remedies is now even greater in volume than 6 to 8 years ago. 
further found that large numbers of charlatans, herbalists, and other 
unlicensed practitioners are treating many persons having syphilis and 


gonorrhea. . 

Syphilis and Death. This item of cost of syphilis is dilhcult to 
estimate. Not only are the deaths directly attributed to syphilis not 
reported by physicians, but many are actually unrecognized. In addi- 
tion, the cost of premature deaths is an item which must be taken 
into account. Usilton^^ determined that life expectancy of males with 
syphilis is shortened from that in the general population from 30 to 60 
by 17% in the white males and 30% in the negro males. The pre- 
liminary Mortality Summary for Large Cities (1939)^® showed a rate 
of deaths from syphilis of 9.8 (1936) per 100,000 population; 10.2 per 

100.000 population in 1937; and 9.7 per 100,000 population in 1938. 

On the basis of extensive literature Parran and his Committee®® from 

the United States Public Health Service estimated that approximately 

40.000 deaths from cardiovascular syphilis occur every year in the 
United States, at least 6.5% of which are syphilitic in origin. Since 
each death represents a loss of from 19 to 23 years of life, it is estimated 
the total loss of life from cardiovascular syphilis is around 800,000 
to 850,000 years annually. Deaths from paresis represent a loss of 
about 100,000 years annually. 

Cost and Loss From Syphilis Blindness. This subject has been admir- 
ably summarized by Surgeon C. E. Rice®^ of the United States Public 
Health Service. After a preliminary survey of the various factors 
involved in the incidence and cost of this phase of syphilis, Rice®** found 
that syphilitic blindness costs the United States about $10,000,000 
in the loss of earnings and in costs of supporting these blind individuals. 

Syphilis _ accounts for about an average of 15% of the blindness. 
Rice has cited estimates ranging close to this average figure, which he 
used as the basis for his calculations. While this average percentage is 
generally acceptable, it is worth noting that recent authorization studies 
based on fairly large series of cases have given relatively lower figures 
(Berens, Kerby, and McKay,® 5.3 %; Berens and Goldberg,® 6 %; Cowan 
and Sinclair,® 9.4% among applicants for pensions for the blind in 
Pennsylvania; Long and Goldberg®® cite: 0.45% interstitial keratitis 
in eye cases in Boston; National Society for the Prevention of Blind- 
ness, 15% of the blindness due to syphilis among about 5000 applica- 
Q blind. University of California Dispensary, 

^ considered a little high as the average incidence 
0 _ syp 11 1 1 C blindness. Rice’s®® figures are so conservative that the 
minimum cost of about 810,000,000 is unquestionable. 

llie statistics, roughly estimated, for the State of Pennsylvania, 
have been given ^ me in a personal communication by Miss E. M. 

f r Philadelphia Committee for the Prevention of Blind- 
ness, Inc. Eighteen per cent of a total of 27,000 applicants for blind nen 
s.o„s have syphilis (13,000 were granted pension?) TteLrlgt S 
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per year per person as a pensioner is S360. It is estimated that it 
costs $10,500 to educate one blind child through twelve grades. There 
are about 500 children in two schools for the blind in Pennsylvania. 
One-third of these children are presumed to be, syphilitic. The cost 
for this education is supplied by the State (75%) and local philan- 
thropies (25%). 

Costs of Cardiomsciilar Syphilis. Ten to IS per cent of the load of 
cardiovascular clinics has been estimated as due to syphilis. It is 
obvious that a specific estimate of the total cost, both direct and indirect, 
of this large amount of disabilitj' due to syphilis can hardly be accu- 
rately estimated. However, certain parts of the costs can be approxi- 
mated. For example, Brumfield® showed that the hospital costs in 
Baltimore for cardiovascidar syphilis was about $11,000 whereas for 
Buffalo the cost for hospitalization was about $8000. It is pertinent 
to realize that the expenditure for hospital care for cardiovascular 
syphilis is apparently a lighter burden than that for neurosyphilis, but 
this must not be interpreted to indicate that cardiovascular syphilis is 
relatively unimportant, since it results in death relatively soon, or the 
patient may be rehabilitated to the extent that he can be cared for at 
home, even though he might be unable to return to gainful employ- 
ment. The result is that the economic losses from this manifestation 
■will be represented largely in indirect costs. 

Nenrosyphilis. The incidence of neurosjTphilis is one of the major 
factors in mental disease. Mcrriman-^ (1935) estimated that neuro- 
syphilis occasioned 11.3% of all admissions to ci\dl state hospitals 
during the year ending 1933, and he restated the estimate that neuro- 
syphilis cost the State of New York alone $13,500,000 during the year 
1931. Malcolm H. Merrill,-® Chief of the Bureau of Venereal Diseases 
of the State of California, estimated that this State is forced to spend 
approximately $250,000 a year for the care of the syphilitic insane 
wdio are only one small group of those who are dependent because their 
syphilis was undiscovered or untreated. An editorial, commenting on 
“ Dangerous People At Large,”®® pointed out that the hospital facilities 
used “ by our paretic company will represent an investment of over 
$1,250,000.” Brumfield® found the hospital costs for neurosyphilis in 
Baltimore and Buffalo to be the greatest expense in either city. In 
Baltimore, this item cost about $51,000, whereas in Buffalo the cost of 
hospitalization was about $95,000. 

In addition to the economic losses and the cost for hospitalization, 
as well as other indirect costs of neurosyphilis, paresis and tabes are a 
factor in the death rate from sypliilis. Fortunately, this cost appears 
to be decreasing.®® 

As was stated in the beginning of tliis survey, one cannot estirna e 
with any degree of exactness the actual cost of syphilis. The rehabih y 
of the data given is questionable, regardless of how carefully they were 
compiled. One thing is certain. The cost of syphilis is enormous, even 
in these days when millions or billions of dollars are spent by govern- 
ments daily. Treatment for syphilis will wholly prevent this unneces- 
sary expense. It is obvious that untreated syphilis is a luxury for any 
indi-vidual or community. Herman Beerman, M.U. 
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Hepatic Excretion of Water and Various 
E. Ehrich (Department of Pathology, School 
of Medicme, University of Pennsylvania). The excretion of water. 
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cyanol and azofuchsin I were studied simultaneously in simple bile 
dirainage experiments and in those in which urea was given to stimu- 
late diuresis. In addition, experiments were performed in which either 
the common bile duct or the renal arteries and A'eins were ligated. 
Ligation of the common bile duct did not as a rule influence diuresis, 
and administration of urea did not influence the bile rate, while liga- 
tion of the renal arteries and veins was followed by a drop in the rate 
of bile excretion. The renal excretion of the dyes depended chiefly on 
the urine rate in all experiments, more dye being excreted with better 
diuresis and vice versa. The hepatic excretion of the dyes on the other 
hand was not merely a function of the bile rate, but depended on both 
the bile rate and the urine rate (i. e., the renal elimination of the dyes). 
The faster the bile rate and the slower the renal elimination of the dyes, 
the greater the amount of dye that was excreted in the bile. 


The Biologic Activity of Some Cortin-like Compounds. Dmught J. 
Ingle (George S. Cox Medical Research Institute, University of 
Pennsylvania). Desoxy-corticosterone is the most active of the known 
steroid compounds in its life-maintaining capacity. The compound 17- 
o.xy-ll-dehydro-corticoslcrone has little or no life maintenance effect. 
The earlier observation has been confirmed that 17-hydroxy-ll-dehydro- 
corticosterone has an apparently greater effect upon the work perform- 
ance of adrenalectomized rats than does desoxy-corticosterone when 
the first 24 hours following operation are used as a test period. 

In addition, adrenalectomized male rats having an initial body 
weight of ISO gm. were treated for 1 week with these two compounds 
and at the end of this period their work capacity was studied. The 
rats treated with desoxy-corticosterone gained in weight even’ when 
the doses were small, and although their capacity to work was improved 
over that of untreated animals, their performance was poor even when 
as much as 10 rag. was administered daily. All of the animals treated 
with 17-hydroxy-ll-dehydro-corticosterone lost weight to the same 
extent as untreated animals, but their work performance was improved 
above that of the animals treated with deso.xy-corticosterone. Similar 
animals treated with a mixture of desoxy-corticosterone and 17-hydro.\'y- 
ll-dehj-dro-corticosterone performed more work than animals treated 
•with an equal quantity of the single substances. 

Although the results may be due to changes in the efficiency of 
utilization of these compounds when they are administered in different 
test situations, the findings are also in harmony with the hypothesis 
that there are qualitative differences in the biologic effects of some of 
the cortin-like compounds. 

The Effect of Temperature and of Starvation Upon Growth of Frog 
Carcinoma. Balduin LucKfi and Hans Schltjmberger (Laboratory ot 
Pathology, School of Medicine, University of Pennsylvania). _ For 
studying the effect of temperature on growth of tumors, the kidney 
carcinoma of the leopard frog, Rana pipicns, is particularly goo 
material, as this tumor grows well when inoculated into the anterior 
chamber of the eye where it may be kept under continued observation 
(J. Exp. Med., 70, 251, 1939); and as it is able to establish itselt and 
increase in size at temperature differences of at least 20 C. 
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In the first series oJ experiments, frogs, immediately after being 
inoculated, were transferred to a constant temperature room at 7 C 
control groups being kept in the vivarium at 22 C. they were oD 
served for 2 to 6 months, and during this time they received no food, 
as frogs at the lower temperature will not eat. It was found that the 
tumors were able to establish themselves and grow at both tenyera- 
tures, though the proportion of takes was slightly less^ at 7 than at 22 . 
Massive tumors, however, developed only at 22 ; this faet seems to be 
due to more effective vascularization at the liigher temperature. When 
the frogs with large, well-vascularized tumors were transferred from 
the Auvarium to the cold room, growth of tumors continued, but at a 


slower rate. 

In the second series of experiments, the effect of temperature was 
studied on tumors that had already become established. Following 
inoculation in the anterior chamber, frogs were kept in the vivarium for 
2 or 3 weeks, or until the transplants showed evidence of beginning 
growth. The frogs were then transferred to constant temperature 
rooms, at 7° C. and at 28°, respectively. It was found that the rate 
of growth was greater at the higher temperature, though there was little 
difference in the size which was finally attained. Regression of the 
tumors developed in a higher percentage at 28° than at the lower 
temperature. 

In a final group of experiments, the combined effects of extreme 
starvation and low temperature was investigated. Markedly emaci- 
ated frogs which had been kept at 7° for several months were inoculated 
and then returned to the cold room; as controls, well-nourished frogs 
with intraocular transplants were maintained at 28°. It was found 
that even in the starved animals, cold did not prevent growth of trans- 
plants, though growth was less idgorous than in the control group. 

The general conclusion to be drawn from these experiments is that 
low temperature, 7° C., does not arrest nor change the mode of growth 
of frog carcinoma transplanted to the anterior chamber; it does, how- 
ever, reduce the velocity of growth, possibly by preventing early vas- 
cularization. High temperature, 28° C., while increasing velocity of 
growth, also tends to lead to its earlier decline and to retrogression of 
the tumors. 


Surgical Correction of Hypomenorrhea and Hypermenorrhea by 
goplastic Grafts. Michael John Bennett (Broad Street Hospital). 
The (marian isoplast is produced by an abdominal operation which 
interchanges a portion of one ovary from each of 2 patients. Fifty 
such grafts have been made in this hospital since Februarv, 1935. The 
patiente are carefully selected after 2 to 24 months of preliminary 
® ^ y which it IS established that one of each pair possesses ovaries 
of the hypermterstitial, the other of the hypointerstitial, type. 

At the time of operation, the hypointerstitial and hyperinterstitial 
ovaries are simultaneously resected at the hilus without hemostasis. 

IS immediately transferred from one hilus to the 

peritoneal coat of 

ISTn fin coapted by means of a continuous suture of 

have followe™'*^ atraumatic needle. No complications 
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Followmg these operations an improvement in ovarian rhythm, 
appearance of vaginal smears, esterone and prolan concentrations, and 
chemical constituents of the blood have been noted and no patient 
has required a continuation of hormonal medication. We believe that 
ovarian isoplasty tends to stabilize metabolic imbalance caused by 
ovarian dysfunction and that such grafts Vidll grow with a normal nerve 
and blood supply if they are made in the manner described and in 
carefully selected patients. 


Notice to Contributors. Manuscripts intended for publication in the Americ.^k 
Journal of the Medical Sciences, and correspondence, should be sent to the 
Editor, Dr. Edward B. KnuiiRHAAR, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the American Journal of the Medical 
Sciences exclusively. 

All manuscripts should be typeuTitten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author's name 
written on the margin. The recommendations of the American Medical Association 
Style Book should be followed. It is important that references should be numbered 
and at the end of the articles, arranged alphabetically according to the name of the 
first author and should be complete, that is, author’s name, journal, volume, page 
and year (in Arabic numbers). 

Return postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 

Two hundred and fifty reprints, with covers, are furnished gratis; additional 
reprints may be had in multiples of 250 at the e.xpense of the author. They should 
be asked for when the galles’’ proofs arc returned. 

Contributions in a foreign language, if found desirable for the Journal, will be 
translated at its expense. 
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constitutes, accordingly, an unsatisfactory basis for drawing a con- 
clusion on the value of this operative procedure; for tlie most part 
the cases were in young persons; the duration of observation was 
short; the end results are uncertain. The effects of operation ob- 
served in the period of iveeks or months afterwards make desirable 
a further analysis of cases so treated. To follow out this plan is 


Table 1. — ^SujLMAnv or Cases Pheviooslt Reported in the Literature. 
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reasonable because renal affections have been found to be so common 
in cases of arterial hypertension. Nephrectomy has therefore been 
performed in 7 instances. Two patients wmre not improved and 
have subsequently died; 2 were improved for some time (16 and 11 
months); 1 was temporarily improved; and in 2, no change has been 
observed. In no instance has hypertension disappeared, inese 
7 cases will be discussed separately. 

Patients were selected in whom severe arterial hypertension was 
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associated with unilateral renal disease accompanied by marked 
diminution of function of the affected kidney but not by renal in- 
sufficiency In 4 there was evidence of disease of the opposite 
kidney of lesser degree, and in 3 no other lesion was demonstrated. 
It must be emphasized that little difficulty was encountered in find- 
ing such cases; they are common among younger individuals. 

Case Eeports. Case 1.— (Hosp. No. 10,354). H. S., aged 35, was a 
taxi driver who had suffered from arterial hypertension for 2 years. His 
mother died of high blood pressure at the age of 67. In 1926 he experienced 
an attack of renal colic and hematuria from which he rapidly recovered. 
There were 2 similar attacks during the next 2 years. His blood pressure 
was normal in July, 1936, but in March, 1937, his systolic pressure was 

190 mm. Hg. , , , n t. 

In December, 1937, examination revealed the presence of a small hemor- 
rhage at the temporal side of the left optic disk. _ The vessels of the retina 
narrow and slightly tortuous with obvious irregular areas of constric- 
tion. The heart was enlarged in Roentgen ray photographs; there was 
diffuse thickening of the radial arteries. His systolic pressure was 210, his 
diastolic 130 mm. Hg. The urine showed a trace of albumin with many 
white cells, singly and in clumps. The clearance of urea* was 84% of 
normal. Shortly after this he suffered an attack of pain in his left costo- 
vertebral angle; urination was painful. A small amount of hydronephrosis 
existed on the right (pyelogram after intravenous injection f) and in the 
left renal pelvis was a large, rounded, apparently movable stone. In 
February, 1938, reexamination of the ocular fundi showed a srnaU fresh 
hemorrhage near the right optic disk and a scar on the temporal side of the 
left one. Cystoscopic examination was performed and separate specimens 
from the two kidneys showed that the clearance of urea on the right was 
37.7 % of normal; on the left, 22.6 %. Maximal specific gravity of the urine t 
was 1.022; there were very many white blood cells, single and in clumps, 
and culture showed the presence of Escherichia coli. He was transferred 
to the Squier Urological Clinic for operation which was performed March 
7th. The left kidney was found to be granular and smaller than normal, 
and its capsule was thick, fibrous and densely adherent. The stone ,was 
found fixed in the ureter, which was dilated above it, and there was an 
artery crossing the uretero-pelvic junction, producing angulation. The 
stone was removed and nephropexy done. Because of i^ection in the 
wound and the development of a huge hydronephrosis and hydro-ureter on 
the left side, nephrectomy was later performed. Following discharge he 
developed an attack of acute pulmonary edema, from which he rapidly 
recovered. In June, 1938, cultures of the urine again demonstrated the 
presence of E. coli, and no change in his blood pressure had occurred. A 
considerable amount of pus was found in his urine which did not disappear 
on treatment. 

In August, 1938, he was readmitted because of several attacks of paroxys- 
mal nocturnal dyspnea. Bilateral papilledema of two diopters with peri- 
vasculitis was seen in the ocular fundi, and there were many flame-shaped 
linear hemorrhages with areas of exudate and scars. The urinary 
infection persisted m spite of therapy vuth sulfanilamide. 

The symptoms of heart failure increased, his clearance of urea fell, and 

* By “clearance of urea” is meant that of Van Slyke 
nf alter mtravenous injection” is meant Roentgen ray photographs 

of the genito-unnary tract after the intravenous injection of Diodrast. 

I By maximal specific gravity of the urine” is meant the non-protein snecific 
gravity after rigid restriction of fluids for 36 hours. Protein specihc 
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his blood urea nitrogen became elevated. He died on December 2, 1938, of 
cardiac and renal failure. 

Descriplion of Spedmen. The left Iddney measured 9 by 4 by 2.5 cm. 
The capsule was thickened, shaggy, and densely adlierent to the par- 
enchyma. The renal substance measured 1 cm. in thickness and was 
opaque and gray in appearance. There was marked dilatation of the pelvis 
and calyces. On_ microscopic section many areas of extensive fibrosis were 
seen through which there was infiltration with lymphocytes. Many glo- 
meruli were fibrotie; in others Bounnan’s capsule was thickened and adher- 
ent to the glomerular loops. The tubules were dilated and atrophied and 
contained purulent casts and calcareous ddbris. There was marked thicken- 
ing of the intima and media of the smaller arteries and arterioles, some 
being totally occluded. 



Chart 1. — Showing course of C.^se 1. Upper line is average systolic; lower, aver- 
age diastolic pressure. The urea clearance refers to that of Van Siyke. Specific 
gravity refers to the maximal specific gr.avity of the urine after fluids were restricted 
for 36 hours. Months refers to duration of arterial hypertension. 


Autopsy: Right Kidney. The kidney weighed 265 gm. The 
peared hypertrophied, and the calyces stood out distinctly and were slJgntiy 
dilated, as was the lower ureter. On microscopic section, the tubules were 
seen to be markedly dilated, extending to the surfaces of the cortex m 
many instances. The glomeruli were decreased in number and appeare 
to be arranged in groups radially from the caljmes instead of being scattere 
irregularly throughout the cortex as is found in the normal kidney, u 
these radial areas there was usually a great deal of fibrosis and between tnem 
wfere dilated tubules. The glomeruli themselves were thickened and Eou- 
man’s capsule ivas distended. There was no congestion m the Kianej, 
but the vessels, particularly the arteries, showed a thickened medial wa . 

Anatomic Diagnosis. Pulmonary infarction; marked . 

heart; chronic passive congestion of liver; diffuse arteriolar sclerosis, 
arteriolonephrosclerosis, mild; cyst of pars intermedia of pituitary giano. 



STUDIES ON '^essential” HYPERTENSION OUD 

Comment on Case 1. Arterial liypertension exhijaiting a “malig- 
nant” course was associated with bilateral organic renal disease. 
There was a calculus in the left kidney, hydronephrosis, aberrant 
renal artery constricting the ureteropelvic junction, and pyelo- 
nephritis. There was also right hydronephrosis of slight degree 
with infection. Removal of the left kidney resulted m no change 
in the rapid, downhill course. Death occurred from cardiac and 
renal failure. There was marked vascular disease in the kidney 
removed at operation, but it was minimal in the remaining kidney. 
In addition, a cyst of the pituitary was found. 

Case 2.— (Hosp. No. 10,598). A similar event occurred in the case of 
B. W., a 30-year-old housewife, who had suffered from hypertension for 
8 years. Her mother died of hypertension and her father’s sister exhibits 
it. At the age of 8 she became ill for several months because of “pus in her 
kidneys.” Pyuria, low grade fever, and loss of weight occurred. She con- . 
tinned to show pus in her urine on occasional examinations for the next 
12 years, but rvas aware of no other symptoms. Her blood pressure was 
normal at the age of 21, when she was married. She was soon pregnant. 
In the sixth month her ankles became swollen, she suffered severe head- 
aches and her blood pressure was found to be elevated. Nausea, vomiting, 
headache, edema, Pal’s crises, hypertension and albumimuia made termina- 
tion of the pregnancy necessary and a live infant was delivered. Her blood 
pressure did not return to normal. At age 29 her systolic pressure varied 
from 260 to 210, her diastolic from 150 to 120 mm. Hg. Her heart was only 
slightly enlarged in Roentgen ray photographs. One scar was seen in the 
retina and the arteries were tortuous. E. coli was found on culture of the 
urine. 

Pyelograms after intravenous injection disclosed ptosis of the right 
kidney with slight dilatation of the renal pelvis. The shadow of the left 
kidney was small. Cystoscopic examination rvith retrograde pyelography 
showed a markedly contracted left kidney with a dilated renal pelvis and 
upper ureter. Studies of the functions of the two kidneys were as follows: 


Phenol red excretion (20 min.) 

Clearance of urea 

Albumin 


Right. 

Left. 

5.8% 

0 

24% 

4% 

0 

+ 


She _was transferred^ to the Squier Urological Clinic where cultures of 
the urine from the right ureter showed the presence of Gram-negative 
bacillus of the colon group, while that from the left was sterile. Her systolic 
pressure varied from 270 to 230 mm. and her diastolic from 170 to 132. The 
left ladney was removed Dec. 2, 1938. It was very small (12 gm.) and was 
markedly adherent to the surrounding fatty tissue. The pelvis was dUated, 
ttiin, ana triable, the ureter small. 

n operation her blood pressure fell temporarily to 

a ler el between 180 and 140 mm. systoh'e and 120 and 110 diastolic but 
3 weeks later it was 240 to 200 systolic and 160 to 110 
months after operation it remained at the preoperative level. The clear- 
ance of urea had fallen to 41% and exmdate, hyperemia of the optic disks 
and slight papdledema were noted in the ocukr fundi. CuItmS SeS 

fSe. She died May 15 of S 

"'“5“ ‘2 gm. The pelvis was 
aiiatea and Aery thin. There were many dense, radial scars of fibrous 



606 


SCHROEDER, FISIi: 


tispe extending from the medulla to the capsule, and tlie cortex was tliin. 
Microscopic section showed dense fibrosis of the parenchyma. There was 
marked thickening of the intima and media of all the vessels, and in many 
instances their lumina were obliterated. In a few of the tubules purulent 
material was seen. 

Anlo-psxj: Right Kidney. The kidney weighed 200 gm_. On section, no 
cortex was evident, and calyces in fiA'e places e.xtended directly to the cap- 
sule. The renal parenchyma appeared to be made uj) entirely of medulla 
interspersed with fibrous tissue. The calyces, pehds, and ureter were 
dilated. On microscopic section, the normal architecture of the kidney 
was drastically altered. Tlie glomeruli were reduced in number, many 
being atrophic and some calcified. The normal line of demarcation between 
medulla and cortex was destroyed and many groups of glomeruli were 
definitely in the_ medullary area. There was ex-tensive irregular dilatation 
of the tubules with many areas of degeneration, some being infiltrated with 
numerous round cells and fibroblasts. Almost all of the arteries and arterioles 
showed marked thickening and sclerosis of the media. 



Chart 2. — Showing course of Case 2. Notations same as Chart 2. Blood pressure 
was said to have been normal previous to point marked “pregnancy. 


Commeni on Case 2. Infection of the kidney in childhood appar- 
ently became chronic. Pregnancy resulted in toxemia with hyper- 
tension. The left kidney was found to be contracted, and function 
impaired. Removal of this kidney failed to change the course o 
hypertension, and death occurred from renal failure _5 months later. 
There was advanced arteriolar sclerosis of both kidneys. Ije® 
nephritis associated with hydro-ureter and slight hydronephrosis 
were present in the functioning kidney. 


Case 3.~(Hosp. No. 10,237). A. L., aged 30, was a stenographer 
Her father suffered from hypertension and his brother died as 
of it. At the age of 20 she experienced a number of attacks of pain in 
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Ipft Inmbar reeion associated with nausea, vomiting, and hematuria. A 
moderate degrS of hydroneplirosis was found on the left, mth angulat^ 

of the ureter?t the uretero-pelvic junction and f 24^1t^2f wS 
Her blood pressure was first found shghtly elevated at age 24, at 2b was 

'^^In June! 1937, she complained of severe headaches, moderate d^pnea on 
exertion, and palpitation. Her heart was slightly enlarged m Roentgen 
ray photographs. The clearance of urea was 97 % of normal. In Septernber, 
a scar was seen in the ocular fundus and there was evidpce of perivasculitis. 
In February, 1938, pyelograms after intravenous injection showed moderate 
hydronephrosis on the right vuth ptosis of the ladney and angulation of the 
ureter at the uretero-pelvic junction; the outline of the left renal pelvis 



Chakt 3. — Showing course of Case 3. Notations same as in Chart 1. At the 
point marked “leiomyosarcoma" a tumor was removed from the stomach. For 
fuller explanation see case report. 


was not seen. Cystoscopic examination with retrograde pj’^elography 
demonstrated a large hj-dronephrotic kidney on the left, with sharp angula- 
tion at the uretero-pehdc junction. The average clearance of urea on the 
right was 89% of normal; on the left, 21%. Albumin was present in the 
urine from the right but not in that from the left kidney. She was trans- 
ferred to the Squier Urological Clinic where left nephrectomy was per- 
mrmed March 14. The kidney was enlarged and the cortex was thin. 
There were several anomalous vessels about the liilum, and the ureter was 
lanked about one of these which entered the lower pole. Her blood pressure 
the day of operation was 270 systoUc and 150 diastolic, but on the following 
day it had fallen fo 130 systolic and 90 diastolic, and during her convales- 
cence varied from 120 to 1/6 systolic and from 80 to 108 mm. Hg. diastohc. 
in May, 1938, she became anemic and the presence of blood was discovered 

photographs of the gastro-intestinal tract 
e ealed a large, round defect on the lesser curvature of the stomach. 

hv nr performed June 13 at the New York Hospital 

3 . pi Bov ers, and a portion of the stomach containing a mass was 


Cas^. severe- 

Livt <i^e^ iA\ i\\Q age o . rrg^'‘^ ^ -Fo^^oNvr^ft gUeveii 

of tiorroa^ ^^MTmirrurla o , metabe^^e flora a ^e . ^^ge agar 

“% Theie.'^' Wnasal®® . upn ft® ■"'‘' 



Fig. 1. — Case 1. A, Right kidney removed at autopsy, showing almost complete 
obliteration of cortex; B, pyelogram after intravenous injection, showing calculus in 
left renal pelvis, and slight degree of hydronephrosis on right; C, microphotograph 
of left kidney. Note advanced vascular disease, tubular atrophy, and infiltration of 
parenchyma with lymphocytes. D, Microphotograph of right kidney. Some of the 
tubules are dilated, the glomeruli are shrunken, and there is verj^ little disease of 
arteries and arterioles. 













Fig. 2. — Case 4. A, Pyelogram aftei’ intravenous injection, showing ptosis and 
distortion of right renal pelvis; B, microphotograph of a section from the right 
kidney. Vascular disease is moderate and there is some fibrosis of the parenchyma. 





Fig. 3. — Case G. A, Microphotograph of left kidney. There is fibrosis, atrophy 
of tubules and glomeruli, and lymphocytic infiltration, with minimal involvement of 
arterioles. B, Retrograde pyelogram of left kidney, showing hydronephrosis and 
hydro-ureter. C, Photograph of this kidney, showing almost total destruction of 
parenchjmia. Section has been removed from the upper border. 
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follows: 


1938. 


1939. 


Right. Left. 

Phenol red excretion (10 min., 10 ? 

1938; 75 min., 1939) . . 

Clearance of urea 21.0% 88. % 


Right. 

16.1% 

28.0% 


Left. 

34.8% 

53.0% 


Because of repeated attacks of pain in flan^ ng^l^rectomy 

on the right side was performed at the Squier Urological U 

1939. tL kidney was low in position, the ureter short, and the vessels 
entering the hilus elongated. The kidney itself was smaUer than normal. 
Her blood pressure fell after operation to 138 systolic, 90 diastolic, but one 
month later it had risen to its preoperative level, where it has remained. 



Chaht 4. — Showing course of Case 4. Notations same as Chart 1. 


Description 0 / Specimen. The kidney was small and atrophic, and a large 
artery and vein ran in a tortuous oblique course across the upper anterior 
portion. There were also two aberrant renal arteries, one at the upper and 
one at the lower pole. The pelvis was distorted, but the cortex was of normal 
thickness, except where several fibrous bands extended to its surface. On 
microscopic section, Bowman’s capsule was moderately thickened, and there 
was marked narrowing of the lumina of the smaller arteries and arterioles 
owing to sclerotic changes. Considerable fibrosis was evident. 

Comment 07i Case 4- Arterial hypertension was associated ivith a 
unilateral renal affection ivhich probably preceded the elevation of 
blood pressure. Although total renal function was normal, it ivas 
diminished in the affected kidney "which was contracted and ptotic. 
llemoval of this kidney 9 years after the onset of hypertension 
resulted in no change in blood pressure. Disease of the renal arteries 
was marked. 
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Case 5.— (Hosp. No. 10,399). Tlie case of F. C., a 26-year-old house- 
wife, was similar. Her mother suffered from arterial hypertension. During 
childhood she developed chronic urinary infection said to have been pyelitis. 
At the age of 25 she experienced considerable emotional stress and began 
to notice marked nervousness. Her blood pressure was then found to be 
elevated, being 192 systolic and 130 mm. Hg. diastolic. Her heart was not 
enlarged. The ocular fundi were of normal appearance. Maximal specific 
gravity of the urine was 1.025, with slight albuminuria and cylindruria. 
Clearance of urea was 87% of normal. Retrograde pyelograms showed a 
small renal pelvis on the riglit, the calyces of which were club-shaped and 
distorted. Studies of the separate functions of the two kidneys were as 
follows: 

Fcbniarj'. 1938. Septomber, 1938. 


Phenol red c.vorction (10 min.. 

Right. 

Left. 

Right. 

Left. 

Feb.; 30 min., Sept.) 

0.4% 

3.8% 

1.3% 

14.3% 

Clearance of urea .... 

17.0% 

34.0% 

3.0% 

30.0% 


Her .sj^stolic blood pressure then varied from 212 to 192, and her diastolic 
from 142 to 122 mm. Hg. 



Chart 5. — Showing course of Case 5. Notations same as Chart 1. 


The right kidney was removed on October IS. It was small (2o_ ginOi 
hypoplastic, scarred, and densely bound down by perirenal and penpemc 
adhesions. There was a large aberrant arterj'- entering the upper pole. 
Immediately following operation her blood pressure fell to almost norma 
levels, but one month later her systolic pressure, during rest m bed, 
from 200 to 170, her diastolic from 124 to 98 mm. Hg. There was no cnang 
in renal function. During the next 16 months her sj^stolic pressure vane 
from 196 to 180, and her diastolic from 136 to 114 mm. Hg. She has com- 


plained of no symptoms. . r , , 4 .„ 

Anatomic Diagnosis of Kidney. Arteriolar sclerosis,_moderate to sca e , 

fibrosis of kidney; (?) chronic pyelonephritis, healed. 
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Covimefit on Case 6. Arterial hypertension was associated with 
a unilateral contracted kidney, Avhich may have been the seat ot 
chronic pyelonephritis sustained in childhood. Removal ot this 
kidney resulted in a temporary fall in blood pressure. There was 
moderately advanced vascular disease in. the affected kidney, ihe 
course of the disease does not appear to have been influenced. 

Case 6.-(Hosp. No. 10,523). G. R., a 33-year-old electrician, was 
known to have suffered from arterial hypertensioii for 3 years. His past 
history was uneventful. At the age of 28 his systolic pressure was 134 mm. 
Hg. and his diastolic 84; at 29, 138 and 90; at 30, 145 and 112; at31, 138 and 
110. In April, 1938, at age 32, it varied from 170 to 182 systolic and 130 
to 144 mm. Hg. diastolic, and he was therefore, referred to this hospital 
(R. I. H.) complaining of daily headaches and excessive fatigue. 

On examination, there was little of importance to be made out. His 
ocular fundi were not remarkable. His systolic blood pressure was 192 mm. 
and his diastolic 138. He was admitted August 14, 1938. The vessels of 
the retina were then seen to be hazy and indistinct along their margins. 
Maximal specific gravity of the urine was 1.025, and there was moderate 
albuminuria and cylindruria. Pyelograms after intravenous injection 
demonstrated ptosis of the right kidney with slight hydronephrosis and 
angulation of the ureter; none of the radio-opaque medium was excreted by 
the left kidney. Cystoscopic examination was therefore performed on 
October 11, and retrograde pyelograms showed a huge hydro-ureter and 
hydronephrosis on the left, with constriction at the uretero-vesical junc- 
tion. Studies of the functions of the two kidneys were as follows: 



Right, 

Left. 

Phenol red excretion (36 min.) 

. . 9.3% 

0 

Clearance of urea 

. . 50.0% 

13% 

Albumin 

. . 0 

+ + 


In the ocular fundi at this time rvere slight papilledema and definite peri- 
vasculitis without exudate or hemorrhage. The clearance of urea was 82% 
of normal. A reaction to cystoscopy ensued, with fever, pain, and colic 
on the left side, which he stated was similar to an attack suffered at the 
age of 14. He was therefore transferred to the Squier Urological Clinic 
where left nephrectomy was performed on October 24, 1938. The kidney 
was densely adherent to the surrounding structures and the large and small 
intestines were bound down to the region of the renal pelvis. There was 
niarked multiple angulation of the upper third of the ureter, which was 
dilated, thickened, and covered with fibrous bands. His blood pressure fell 
immediately to normal levels and his convalescence was uneventful. During 
the next 16 months his systolic pressure varied between 160 and 130, and 
lus diastolic between 100 and 90 mm. Hg, He has noticed complete disap- 
pearance of headaches, has gained 9 kg. in weight, and no longer com- 
plams of fatigue. 

Deseriplion of Specimen. The kidney weighed 60 gm. It was almost 
completely fibrotic. Very httle renal tissue could be made out on gross 
inspection. The calyces were dilated and rounded, and the fibrous par- 
enchsTna was thickened On microscopic section, marked fibrosis was seen, 
with perivascular lymphocytic infiltration. In certain areas glomeruli 
appeared nomal, but many were congested and in the region of the scars 

casts in the few tubules visible. 
The vessels nwe onlj^ shgMly thickened as regards their intima and media. 

Chromc pyelitis; hydronephrosis and hydro- 
SerosU^ minSnaF'^ atrophjq focal suppurative pyelonephritis; arteriolar 
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Comment on Case G. Arterial liypertension was associated with 
advanced left hydronephrosis and liydro-ureter, with constriction 
at the uretero-vesical junction. Tiiere were also right nephroptosis, 
ureteral angulation, and slight hydronephrosis. Removal of the 
severely damaged kidney has resulted in a marked and sustained 
fall in blood pressure for a period of 16 months. The course of the 
disease has been unquestionably altered. Only minimal vascular 
disease was present in the kidney. 



Months 13 33 35 3637 40 42 46 47 50 


Chart G. — Showing course of Case C. Notations same as Chart 1. 

Case 7. — (Hosp. No. 10,475). A similar event was seen in M. A. 
a 20-year-old stenographer. At age 19, because of the complaint of in- 
creasing nervousness and palpitation following the death of her father, she 
was examined and her blood pressure was found elevated. She complained 
only of occasional headaches. 

In May, 1938, the ocular fundi shotved haziness of the nasal margins of 
both optic disks. The heart was slightly enlarged. Renal function was 
normal. Her systolic pressure varied from 220 to 194, her diastolic from 
140 to 130 mm. Hg. Cystoscopic examination was perfomed; the left 
kidney was able to excrete 10.5% of the injected phenol red in 20 minutes, 
the right, only 0.8%. Retrograde pyelograms showed that the upper calyx 
of the right renal pelvis was blunted and club-shaped, and only two calyces 
were present. 

Cystoscopic examination was repeated in Februarj’’, 1939, and the func- 
tions of each kidney measured separately: 
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Right. Left. 

Phenol red excretion (30 min.) .... 0.5% 

Clearance of urea 21.0% 54.0% 

Tije total clearance of urea was 100% of normal, and maximal specific 
gravity of the urine was 1.032. Her blood pressure was at a slightly higher 
level. 

The right kidney was removed on March 24, 1939. It was found to be 
adherent to the surrounding tissues about its upper pole, which was scarred. 
Three months after operation her systolic pressure varied from 172 to 142 
and her diastolic from 96 to 80 mm. Hg, at which levels they have remained. 
Renal function has remained normal. The most marked change to be 
noticed was the diminution of emotional instability. Instead of being a 
tense, excited, hysterical, uncooperative individual, she had become quiet, 
apparently well-balanced, and moderately relaxed. This change of person- 
ality was noted immediately after operation and has persisted. 

Description of Specimen. The kidney weighed 70 gm. Its surface was 
smooth, but it was small and about the upper pole were two depressed 
scars. On microscopic section only a minimal amount of vascular disease 
was seen. There was some fibrosis of the parenchyma, but glomeruli and 
tubules were of a normal appearance. 

Anatomic Diagnosis. Hypoplasia of kidney; scarring of upper pole; 
arteriolar sclerosis, early. 



Chart 7.— Showing course of Case 7. Notations same as Chart 1. 


Comment on Case 7. Arterial hypertension in a nervous young 
woman accompanied an undiagnosed condition of the right kidney, 
there was poor function of this kidney as compared with the left 
and the renal pelvis was distorted. Removal of this kidney resulted 
m a lower level of blood pressure for 11 months. 

Discussion. It is clear from these cases that removal of a diseased 
kidney does not consistently alter the course of arterial hyperten- 
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sion in a favorable direction. Only 2 cases were strikingly improved. 
These results indicate: 1, that the injured kidney was not the sole 
source of hypertension; and, 2, that other factors may occasionally 
be less important than the renal one. In every instance, however, 
removal of a kidney was followed by lowering of the level of the 
blood pressure for periods of weeks or months. It is difficult to 
believe that any major surgical procedure would have produced 


Table 2. — Summary of Cases. 


Case 

No. 

Name. 

Scx.i 

Age at 
onset and 
duration 
previous 
to opera- 
tion* 
(yrs,). 

Ocular 

fundi.f 

Preop- 
erative 
range of 
B. P.t 

Postop- 
erative 
range of 
B.P. 

I.ast 

recorded 

B.P. 

No. of 
mos. 
fol- 
l’w’d.5 

1 

Renal lesions. 

Degree of 
renal 
vascular 
disease. 

Remarks. 

1 

H. S. 


33 1 

Hcm.++ 

Scar-b 

A-S-f- 

210/130 

180/120 

214/140 

200/130 

138/80 

8 

1 

! 

5 

Ijcft hydronephrosis, 
pyelonephritis and 
calculu.s. Rt. hy- 
dronephrosis and 
infection 

+(R) 

No improvement. 
Death from car- 
diac and renal 
failure 

2 

B. W. 

‘9 

21 8 

Scar-b 
A-Sd— b+-; 

200/150 

2IO/I20 

240/140 

170/120 

240/140 


licft pyelonephritis 


No improvement. 
Death from renal 
failure 

3 

A. h. 

9 

24 5 

Scar-b 

A-S-b 

P-V-b 

230/150 

100/120 

200/120 

120/80 

182/110 

23 

Marked left hydro- 
nephrosis. Moder- 
ate right hydro- 
nephrosis, with 
ptosis 

+++ 

Somewhat im- 
proved. B. P. con- 
siderably lower for 
6 months 

4 

M. B. 

9 

22 n 

A-S-b+ 

190/135 

170/100 

190/125 

180/120 

192/124 

8 

Riglit ptosis and con- 
tracted kidney 

+++ 

No improvement 

5 

F.C. 

9 

<25> 1 

Normal 

212/142 

192/122 

200/124 

140/90 

182/122 

16 

? right pyelonephritis 

+++ 

i 

SI. improvement in 
level of B.P. 

6 

G. R. 

c? 

30 2i 

Pap.+ 

P-V-b 

212/150 

190/138 

150/100 

120/80 

132/90 

16 

Marked left hydro- 
nephrosis and hy- 
dro-ureter, Sligltt 
rt. hydroncpltrosis 
and ptosis 

+ 

Considerable im- 
provement 

7 

M. A. 

9 

19 1} 

Normal 

240/150 

194/120 

150/100 

120/90 

150/100 

11 

? right pyelonephritis 

+ 

Improvement to 
present time 


* i, e, of hypertension. 

t Hem. = hemorrhage; Scar. = scarring; A-S = arteriosclerosis; P-V = perivasculitis; Pap. = papilledema, 
i Figures indicate average levels of blood pressure during a period of several da>'s; single high or low readings arc not noted, upper 
figure is highest level; lower figure, lowest level maintained under observation. 

§ Since operation. 

this result, since in some cases the improvement was prolonged, 
and in one instance (Case 3) operation of a much more extensive 
nature (partial gastrectomy) was followed by a rise in blood pressure. 

Some change in the pathologic physiology of the circulation occurs 
after nephrectomy, which we believe is due to removal of one factor 
at least causing hypertension. 

All kidneys removed from these patients showed, in addition to a 
variety of lesions, inflammatory and non-inflammatory, varying 
degrees of arterial and arteriolar sclerosis. An attempt to grade 
the degree of vascular disease (Table 2) indicates that the least 
amount was found in those eases in which the best results were noted 
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(Cases 6 and 7). It is not certain, however, that the degree of vas- 
cular disease in one kidney is the same as that in the other, there 
being a marked difference in Case 1. With the exception of Case 3, 
in which there was prolonged but temporary improvement, favorable 
results appeared proportional to the amount of disease of the renal 
arteries. 

Further evidence that renal lesions are not the sole cause of arterial 
hypertension is their presence when the arterial pressure is not ele- 
vated. Some other factor beside these lesions contributes to the 
genesis of hypertension. In addition, continuance of the elevated 
blood pressure after removal of the affected kidney may be explained 
by the part vascular or other disease in the remaining kidney plays. 
The 2 patients who have died exhibited pyelonephritis as well as 
vascular lesions. Recent investigation in rats has shown that vas- 
cular disease in the unaffected kidney follows partial constriction 
of one renal artery,*^ and GoldblatC has demonstrated its presence 
in other organs after bilateral arterial constriction. The patho- 
genesis of arteriolar sclerosis in the kidneys of human beings re- 
mains, however, unsettled. The occurrence of this lesion in almost 
all cases of “essential” hypertension^ is nevertheless well recognized. 
It is still uncertain whether arteriolar disease is secondary to the 
renal lesion in cases similar to these, although animal experiments 
suggest such a relation. 

From this study it is obvious that removal of a diseased kidney 
is not to be regarded as a procedure from which relief of hyperten- 
sion can be expected to occur in all or in many cases. If arteriolar 
disease is secondary to the renal lesion or to hypertension and serves 
to maintain an elevated blood pressure which was initiated in the 
first place by a renal lesion, it would appear possible sometimes to 
obtain improvement by nephrectomy. A successful result might be 
expected if the lesion were confined to one kidney, and if arteriolar 
sclerosis of the other kidney had not progressed to an irreversible 
degree. 

We suggest therefore the following criteria for selection of cases 
suitable for this form of therapy: 

1. The onset of arterial hypertension should be known to have 
occurred recently. We place the time arbitrarily at 2 years. 

2. The renal lesion should be confined to one kidney and should 
be of sueh a nature that diminution of function has occurred in that 
kidney. 

3. Renal functions, as measured by the ability of both kidneys to 
concentrate urine and by the test of the clearance of urea, should be 
within normal limits. 

4. Retinitis should be absent, and changes in the caliber of the 
vessels of the retina minimal. 

5. Arterial pressure should be persistently elevated. 

These criteria were followed only in Case 7, the others having 
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exliibited either bilateral disease, hypertension of long duration, 
or some diminution of renal function. Unless suitable cases are 
selected, many kidneys may needlessly be removed (as in Cases 1, 
2, and 4) without benefit. This experience has served to suggest 
that patients in whom long standing hypertension is present, or in 
whom a so-called “malignant” course has commenced are not good 
subjects for this form of therapy. 

Summary and Conclusions, Seven patients exliibiting arterial 
hj'pertension associated with organic renal disease have been sub- 
jected to nephrectomy. Two were markedly improved, and 2 
slightly improved, but all remain actually or jiotentially hyper- 
tensive. 

This form of therapy maj' prove of benefit, but, it seems, only in 
patients in whom the existence of hypertension is of short duration 
and in whom arteriolar sclerosis of the other kidney is not advanced. 
Its use is limited, therefore, to a small number of individuals. 
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THE ROLE OF THE KIDNEY IN THE PATHOGENESIS OF 
ARTERIAL HYPERTENSION. 

By E. Dicker, M.D., 

BBU8SEI.S, BELGIUM. 

(From the Medical Department of the Brugmann Hospital.) 

In the light of the experimental results obtained bj’’ Goldblatt 
and collaborators, and other investigators^'®'*^'^®®'*’''®'^®''* 
have succeeded in demonstrating the probable part plaj'^ed bj"^ renal 
ischemia in hypertension, I wish to report in some detail the history 
of 2 patients recently observed. 

Case 1.— Gil. M., female, aged 30, was admitted to the hospital on 
Jan. 13, 1938, with almost total anuria, lumbar and polyarticular pains, 
severe headache and poor general condition. A week before, following an 
abortionist’s manipulation, she had a temperature of 102° F. and general- 
ized jaundice. Since then, had violent pains in the region of the kidneys 
and scarcely urinated any more. In the clinical examination, the pertinent 
findings were: a pale face and very dry lips; normal heart action; blood 
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pressure was 112/55; pulse 80 and regular; the breatlung was irregular, 
reminiscent of the Cheyne-Stokes type, but the lungs were normal; ocular 
fundi were normal. The chnical examination revealed nothing significant, 
but the analysis of blood and urine was diagnostic. 

Analysis of blood showed: urea, 456 mg.; chlorine, 255 mg.; calcium, 
7.96 mg. ; uric acid, 23.9 mg. ; and CO 2 combining power, 25.1 vols. per 100 cc. 
of plasma; red corpuscles, 1,460,000; white corpuscles, 6400; hemoglobin, 
25%. Urine analysis: dilute and contained only 1090 mg. urea, and 40 mg. 
chlorides per 100 cc. 

The tests for renal function showed significant impairment; Ambard, 
K = 1.630 (4.3% of normal); Van Slyke, C = 1.900 (3.6% of normal); 
Rehberg, F = 9.760 cc. per minute. 

The intradermal injection of a drop of histamine and of acetyl-choline 
gave rise to normal zones of erythema (35 cm.^ and 21 cm.^), and the dermo- 
graphic latency period was normal (5 seconds). 

To sum up, the patient, from an undetermined toxic cause, showed an 
almost complete abolition of renal secretion Avith enormous nitrogen reten- 
tion, marked anemia, but no hypertension. 

Ten days after admission, the azotemia was still very high; the highest 
level of urea reached during this period was 527 mg. The output of urine 
gradually increased to well above 1000 cc. in 24 hours, but without any 
improvement in the concentration, which remained, on the whole, com- 
parable to what it was at the beginning. Four days later, tests for renal 
function shoAved A'^ery slight improvement. 

The striking thing is that, in spite of the intense and prolonged nitrogen 
retention, the arterial pressure showed no tendency to rise; it remained at 
115/55. Correspondingly, the zones of erythema folloAving the intradermal 
injection of a drop of histamine or of acetyl-choline remained normal, and 
the period of dermographic latency remained at 5 seconds. 

Slowly the patient’s condition improved. About a month after her admis- 
sion, N.P.N. was 30 mg., and Ca was 10.2 mg. per 100 cc. of plasma, but 
uric acid remained high, 11 mg. per 100 cc. The anemia sloAvly improved; 
red corpuscles, 2,880,000 per cm. Eventually, the urinary secretion also 
improved; about 2000 cc. in 24 hours, and the concentration Avas better. 
At this time renal function tests shoAved: Ambard, K = 0.140 (50% of 
normal) ; Van Slyke, C = 27.07 (37 % of normal) ; Rehberg, F = 74 cc. 

In this condition the patient left the hospital at the end of 7 Aveeks. She 
has been seen periodically, and the improvement has continued, but ex- 
tremely slowly. Altogether, 6 months were necessary to restore her health. 
At the present time, i. e., after 12 months, the function of the kidneys has 
become completely normal. The arterial pressure, which did not vary 
during the Avhole course of the nephropathy, remains low, at about 120/55. 
The anemia has entirely disappeared. 

Case 2.— Pi. A., female, aged 28, was admitted to the hospital on Dec. 
21, 1937, for palpitation of the heart that occurred after the least effort. 
This condition, which dated back 2 years and began after an attack of 
scarlet fever, prevented the patient from doing work. A physician, con- 
sulted a year ago, is said to have found albuminuria in very slight quantities 
and prescribed an appropriate regimen with rest. Suddenly, 2 months 
before admission, during the night, there occurred an attack of suffocation 
and anxiety which lasted, according ‘to the patient’s statement, seA^eral 
hours. This recurred, always in the night. For 2 months there was also 
frequent migraine, accompanied by black scotomata and noises in the ears. 

The patient lay cahnly in bed, shoA\dng neither cyanosis nor any trace of 
edema. The heart, on percussion, was slightly enlarged. On auscultation, 
a gallop rhythm and metallic second sound were heard. The pulse was 
tense, arterial pressure high, 220/142. The examination of the abdomen 
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and of the nervous ss^stem revealed no abnormality. The ophthalmoscopic 
examination showed old scars of exudative retinitis and abnormally con- 
tracted arteries. 

Analysis of the blood showed: urea, 25 mg.; calcium, 10 mg.; glucose 
98 mg.; uric acid, 3.8 mg.; cholesterol, 142 mg.; and COj combining power, 
52 vol. per 100 cc. of plasma. Urine; no albumin, no sugar and microscopic 
examination negative. Eenal function tests; Ambard, K == 0.0520 (134% 
of normal); Van Slyke, C = 123% of nonnal; Rehberg, F = 105 cc. per 
minute. Reactions of the peripheral vessels: dermographic latency period, 
2 to 3 seconds; areas of ei’idhema, to histamine, 21 cm.-, and to acetyl- 
choline, 13 cm.- 

This condition remained without appreciable change during the whole 
period of her 6 weeks’ sta}' in the hospital. Arterial pressure remained 
unchanged at a high level; signs of vascular spasm were always present, 
and renal function remained excellent. The patient was seen again 10 
months later in a state of obvious physical distress. There was marked 
emaciation. On the bodj' were seen purpuric spots and numerous ecchy- 
moses. The heart beat was forcible and irregular. Arterial pressure was 
235/162. There was no -visible edema. The lungs were full of r&les, due to 
stasis, and there were numerous transient crises of acute edema of the lungs. 
The urine contained minute traces of albumin ; the microscopic examination 
showed numerous white corpuscles, some red corpuscles, and rarelj', some 
casts. 

The renal function tests were still within the limits of nonnal. The blood 
analysis, however, showed a slight increase of uric acid, 5.9 mg. per 100 cc. ; 
whereas the N.P.N. remained about normal, 34 mg. per 100 cc. The blood 
count revealed a marked anemia, 2,100,000 red corpuscles. The alkali 
reserve was low, 38 vol. COj per 100 cc. 

Investigations of the state of vasoconstriction of the jieripheral vessels 
showed: dermographic latency period, 2 to 3 seconds; areas of erj'thema, 
to histamine, 16 cm.-, and to acetyl-choline, 10 cm.- 

We then lost sight of this patient. 

To sum up, then, we observed on the one hand a patient, who, 
after an intoxication of undetermined origin, had cessation of renal 
excretory function, without hypertension, and, on the other hand, 
a patient who, secondarily to scarlet fever, showed marked hyper- 
tension without, for a long time, any accompanying signs of renal 
excretory insufficiency. 

Discussion. These 2 cases raise a number of problems that 
cannot be discussed within the limits of this paper. Only the blood 
pressure will be discussed. The problem is why the first of these 
patients, with marked renal excretory insufficiency, did not have 
hypertension, whereas the other, despite normal renal excretory 
function, did show a rise of blood pressure. 

According to old ideas, the first patient, who showed an enormous 
nitrogen retention, should have had hypertension. In fact, a glance 
at the principal classifications of nephropathies reveals that dimin- 
ution of urinary secretion and nitrogen retention develop, as a 
general rule, hand in hand with hypertension. This idea, however, 
is in contradiction with a series of experimental results. Neither 
the removal of both kidneys, nor the total ligature of both renal 
pedicles, nor the anastomosis end to end of a ureter and an iliac vein, 
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all of which produce marked nitrogen retention, causes any appreci- 
able rise of arterial pressured^’-'^-^-^-^®’^® As for the hypertension 
observed after occlusion of both ureters, seems that it is 
in no way due to the retention of products of metabolism. There- 
fore, one may conclude that whatever the cause of nitrogen reten- 
tion may be, the latter is not able to raise the arterial pressure. 

A^diat then are the necessary and sufficient conditions for the 
development of persistent hypertension? We know that in the 
course of hypertensive nephritis, malignant hj^pertension and angio- 
nephrosclerosis, the power of the peripheral vessels to dilate in 
response to histamine® and acetyl-choline is diminished,‘‘“’‘^~-^’2® and 
that this peripheral vasoconstriction is not pathognomonic only 
of rises of arterial pressure accompanying kidney disease, but that 
it exists also in the course of transient diseases (scarlet fever, strepto- 
coccal tonsillitis) in the absence of any impairment of renal excretory 
function.'*'"'® '^ Simultaneously with a diminution in the power of 
dilatation, it can be shovm, in these circumstances, that there is an 
increase of vascular tonus,^"-'* and, as Kylin^'^ demonstrated long 
ago, an increase of pressure in the capillaries. This triad of vaso- 
constrictional symptoms is the expression of a spastic state of the 
peripheral vessels. 

But what is the determining factor in this spasm? Goldblatt 
and his collaborators produced chronic renal ischemia by 
constricting the main renal arteries with silver clamps, and found 
that the hypertension that followed could be independent of any 
significant impairment of renal excretory function and varied in 
proportion to the degree of the constriction. Only when the con- 
striction of the renal arteries was very great did uremia develop. 
These excellent experiments of the Ameriean investigators, which 
have been repeated and verified many times by numerous authors, 
have cast a fresh light upon the pathogenesis of the hypertension 
accompanying diseases of the kidneys. These experiments have 
shown that for the kidney to be able to produce and maintain 
hypertension it is neeessary and sufficient that its circulation be 
reduced. It has been shown in various that this 

type of hypertension is not of nervous origin, but rather the result 
of a humoral mechanism. It is very likely that as a consequence 
of the slowing up of the irrigation of the kidney with blood, certain 
chemical processes of disintegration or of synthesis are no longer 
earried to their normally harmless conclusion, and that the decrease 
of combustion gives rise to products which, reabsorbed by the cir- 
eulation, act directly or indirectly upon the peripheral vessels. For 
example, the ischemic kidney does not possess the same power of 
hydrolyzing saccharose or of reducing methylene blue or other 
dyestuffs at a corresponding pH (Dicker^', and it is at least possible 
that this diminution in the power of hydrolysis and reduction may 
be the source of production of substances which, when absorbed 
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by the blood stream, may, directly or indirectly, cause a generalized 
I’-asoconstriction. 

If this vieiY be correct, that the kidney is an organ capable of 
producing hypertension without any accompanying significant 
alteration of its excretory functions, we must henceforth separate 
the hypertension obseri'ed in the course of certain nephropathies 
from other functional renal lesions, and regard the problem of the 
hypertension accompanying nephritis as being the result of altera- 
tion of functions that are independent of those involved in the 
elaboration of urine. At the same time, we should be able to under- 
stand why hydronephrosis or pyonephrosis, with or without in- 
creased azotemia, may develop without an accompanying rise of 
arterial pressure, unless, as is frequently the case, the kidney is also 
the seat of vascular disease. 

By applying these ideas to the histories of our 2 patients, we can 
understand at once wh\' the first patient, who had virtual cessation 
of renal excretory function, with enormous concomitant azotemia, 
did not suffer from hypertension, whereas the other, in wliom all 
the renal excretory functional tests were normal, showed an appre- 
ciable rise of arterial pressure. 

The first, indeed, showed no signs of peripheral vasoconstriction. 
One can, without much risk of being mistaken, assert that whatever 
the toxic agent was that had caused the abolition of urinary secre- 
tion, it did not at any time reduce the normal irrigation of the kid- 
neys with blood. 

In the other patient, on the contrary, it is the peripheral vascular 
spasm which dominated the picture. The probability is great, 
although not actuall\' pro\-ed in this case, that the kidneys were the 
seat of arteriolar disease. 

These 2 cases demonstrate that the hypothesis that nitrogen 
retention is a cause of hypertension is untenable and indicate that 
the diminution of renal irrigation with blood is a sufficient condi- 
tion to cause and maintain hypertension. 

Conclusion. For the kidneys to be able to cause hypertension 
their circulation must be restricted; all the other renal and urinary 
manifestations are secondary, independent and incapable of plajdng 
a part in the production and maintenance of the hypertension. 
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ESSENTIAL HYPERTENSION. 

A Comparison of the Hypertensive and Non-hypertensive 
Phases Follov7Ing Coronary Thrombosis. 

By Harry Gross, M.D., 

ADJUNCT PHYSICIAN, MEDICAL DIVISION, 

AND 

Hyman Engelberg, M.D., 

MEMBEK, EESIDENT STAFF, MEDICAL DIVISION, 

NEW TOKK CITY. 

(From the Medical Division of the Montefiore Hospital.) 

It has been generally accepted that in the hypertrophied heart 
not resulting from primary valvular, deficiency or kidney disease, 
hypertension is the major, if not the sole cause of cardiac enlarge- 
ment.^ The association of hypertension with coronary disease is 
well known.^'® Furthermore, the chronic phase of congestive heart 
failure of all types usually occurs in the end-stage of cardiac hyper- 
tropiiy.’^ If hypertension is so frequently associated with coronary 
disease and is the cause of cardiac hypertrophy, the question arises 
whether a fall in blood pressure following coronary thrombosis 
might not exert a beneficial effect on the subsequent course of the 
disease, especially if it could be established that the blood pressure 
remained low for years following such a vascular accident. 

Method. In order to establish the effect of either a restoration or a 
permanent drop in blood pressure following coronary occlusion, 100 hyper- 
tensive cases were reviewed at postmortem. Onlj’- known hypertensive cases 
were chosen in which the existence of previous coronary thrombosis and 
myocardial infarction were confirmed bj"- necropsy. The role of the blood 
pressure on the subsequent course of coronary disease, heart weight and 
heart failure was studied. Only those in which the blood pressure was fre- 
quently observed for at least 1 year prior to death were included since 
isolated blood pressure readings have little significance. Those' associated 
with chronic disease like tuberculosis or malignancy were eliminated so as 
to obtain as clear a picture as possible of the effect of a fall or persistence 
of hypertension following coronarj^ occlusion. The use of stringent criteria 
unfortunately narrowed down the material to a relatively small number of 
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cases. It is to be emphasized that due to the t 3 ^])e of patient admitted to 
the liospital, the material does not represent a survey of h 3 'i)ertension but 
of advanced heart disease associated in tlie majority of instances witii 
chronic congestive heart failure. 

Findings. There were 31 females and 69 males. The average 
age at death of the males was 59.6 years; of the females, 62.3 years. 

In 44 cases it was possible to determine the exact date of the acute 
coronary thrombosis either from a definite clinical course indicative 
of such an episode or from permanent electrocardiographic changes. 
In 19 of these persistent hypertension recurred Avithin several 
months. In 15, the blood pressure remained permanently low sub- 
sequently, and in 10 the blood pressure varied. Listed chronologi- 
cally as to duration of life following acute coronary thrombosis there 
were: 


Up to 0 months .... G 2 to 3 years 5 

C to 12 months 4 3 to 5 years . . .^ . . . S 


12 to 24 months .... 15 More than 5 years . . . . G 

The longest duration of life was 9 years. 

In 56, no exact date of a coronary occlusion could be determined. 
In many of these, anginal pain was present anytvhere from several 
months to 20 years. Though the diagnosis was often suspected, 
unless the clinical or cardiographic picture was clear the case was 
not put in the group of clinically diagnosed acute coronary occlusions. 

It is interesting to note that in 25 cases there Avas no historj'- of 
any cardiac pain, similar to the cases of silent coronary thrombosis 
reported in the literature.^ 

In 24, a terminal acute coronarj'^ thrombosis Avas found frequentl.A" 
as the cause of death or responsible for rapidly progressing terminal 
failure. All had preAuous old occlusions. In addition, 21 patients 
died very quickly. J\Iany of these had the picture of an acute 
coronarj'^ occlusion which was, howcAmr, only found at necropsj'^ in 
4 cases. The others Avere instances of AAdiat Lba^" nnd Bruenn*“ 
called acute coronary insufficiency. Since some patients with the 
picture of an acute coronary closure at necropsj" had no recent 
coronary occlusion, and others A\dth no sj'^mptoms had coronarj" 
disease, the necessity of studying postmortem material is apparent. 

Chronic congestive heart failure Avas present in 90 cases. In ..4, 
failure occurred directly following an acute coronarj'^ thrombosis 
that was diagnosed. 

Duration of failure in chronic obstructiAm coronarj" disease: 

Up to 6 months 

6 to 12 months 

1 to 2 years 

2 to 3 years 

3 to 5 years 

Over 5 years . 

Total 


30 

IS 

21 

7 

90 
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Failure lasted approximately as long in the group in which an exact 
date of an acute occlusion was available as in that which the time of 
the vascular lesion could not be fixed. 


Table 1. — Relation op Blood Pbessure to Heaht Failxjkb 
AND Weight op Heaht. 

Date of acute coronarj- occlusion Date of acute coronary occlusion 
known. unknown. 


Weight of heart in grams. 


Duration of 








failure. 

Persis- 

Persistent 


Persis- 

Persistent 




tent 

low 

Varied. 

tent 

low 

Varied. 

Average. 


hyper- 

blood 


hj'per- 

blood 




tension. 

pressure. 


tension. 

pressure. 



Under 1 year 

. 475 

400 

400 

640 

600 

280 

522 


700 

480 

580 

630 





650 


•• 

430 




1 to 2 years . 

. 500 

760 

500 

570 

450 

620 



490 

510 

4.50 

600 

600 

850 

560 


480 

650 

500 

500 

500 

600 



500 

690 

600 

400 

670 

500 



630 


. , 

680 

550 




430 

•• 

•• 

•• 

470 



2 to 3 3 ’ears . 

. 500 

630 

400 

430 

320 

600 



610 

500 

380 

640 


300 



850 


620 

570 



525 


500 


. , 

700 





410 



650 





460 



530 








420 




Over 3 years 

. 900 

550 

840 

530 

420 

450 



470 

740 


620 

600 

580 

583 


500 

590 


700 

530 

550 



550 

680 


750 

470 

800 






540 

580 

550 






500 








400 








400 




Average weight 

. 558 

599 

527 

558 

521 

557 



In Table 1 an attempt has been made to study the effect of the 
factor of blood pressure on the course of congestive heart failure, 
and of both these factors on the heart weight at postmortem. The 
cases in which a date of an acute coronary occlusion was known, as 
well as those in which it was not known, were divided according to 
whether hypertension persisted, remained low or varied. It mat- 
tered little whether the blood pressure was high, low, or varied. 
No essential difference was noted in the subsequent course of the 
patients. 

The duration of life similarly did not seem to be dependent upon 
the course of blood pressure following the acute occlusion as will 
be observed from the following table: 


Table 2. — Duration of Longevity to Level of Blood Pressure Following 

Coronary' Closure. 


High. Low. Varied. 

Up to I year 3 4 3 

1 to 2 years 6 2 4 

2 to 3 years 5 3 1 

Over 3 years 5 4 2 


19 13 10 
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In 2, the dates of the acute closure could not definitely be deter- 
mined. These are left out of the above tabulation. The longest 
duration of life was 9 years. In this case the blood pressure was 
persistently elevated. 

As may be observed from Table 1 neither the level of blood pres- 
sure following coronary occlusion nor the duration of congestive 
heart failure materially affected the heart weight at necropsy. It 
is evident, then, that no exact correlation is possible between the 
duration of failure and heart weight except that failure occurred 
in the enlarged heart. 


Table 3.— Causes of Death. 

Cases. 


Progressive heart failure . 41 

Terminal acute coronary closure 24 
Cerebral thrombosis ... 7 

Cerebral hemorrhage ... 1 


Cases. 

Uremia C 

Mesenteric thrombosis ... 2 

Pulmonarj' infarct .... 2 

Acute coronary insufSciency . 17 


In the 24 cases of terminal acute coronary occlusion the course 
of blood pressure was known for at least 1 year prior to death. 
Fifteen had hypertension which persisted until the final closure, 
7 had low blood pressure for months prior to closure, and in 2 the 
blood pressure had varied in the preceding year. Apparentl 5 ’-, the 
blood pressure was not causally related to the terminal acute throm- 
bosis. We cannot say, however, what the blood pressure was in the 
few days or hours preceding occlusion. 

Discussion. We felt it necessarj'- to study only the material in 
which coronary closure could be confirmed by necropsy. It is im- 
possible to differentiate clinically many cases of aciite coronary 
insufficiency from anatomical coronary occlusion, since electrocar- 
diographic changes tj'pical of coronarj^ thrombosis may occur with 
short anginal seizures. On the other hand, instances of silent coro- 
nary occlusion are not infrequent. All the cases had advanced coro- 
nary arteriosclerosis and thrombosis, myocardial infarction and car- 
diac hjTpertrophy secondary to hypertension of varying duration. 
The use of postmortem material also afforded u,s the opportunity 
of studying the exact heart weight. 

It has been shown® that in coronary thrombosis the incidence 
of antecedent hypertension may be as high as 90%. The asso- 
ciated cardiac hypertrophy is evidently due to hypertension. 
Advanced coronary disease and myocardial infarction may, how- 
ever, occur in normal-sized hearts.” The distinguishing feature 
between cases with and without hypertension is that in those with- 
out hypertension the hearts are small. Local impairment of nutri- 
tion of the heart sufficient to cause infarction could on physiological 
grounds be looked upon as adequate cause of cardiac hypertrophy, 
but clinically does not occur in our experience. Since hypertension 
may permanently fall following coronary occlusion, or disappear 
for many years, or only be suspected from the associated renal or 
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fundus changes, it may be said that the hypertrophied hearts so 
commonly observed to be associated with chronic coronary artery 
disease is with few exceptions due to antecedent hypertension. 

In the material studied, hypertension was established in every 
instance. The degree of cardiac hypertrophy did not parallel the 
duration or severity of high blood pressure. In some instances, 
despite severe hypertension of long duration, cardiac hypertrophy 
was not great. In a number, heart weight was at or below 400 gm. 
Since additional factors besides increased diastolic tension and 
augmented peripheral resistance play a role in the genesis of cardiac 
hypertrophy, the occurrence of hypertension of long duration with 
hearts of normal size is not surprising. 

Ninety per cent of our cases had congestive failure. Such a 
marked proportion of failure is due to the fact that this hospital 
has an unusually large number of chronically ill cardiac patients 
in its wards. Failure was as severe in the group in which an exact 
date of coronary occlusion was known as in that in which it could 
not be determined. The course of chronic artery disease is natur- 
ally the same whether the date of occlusion is known or not. Further- 
more, failure was as severe and as long in duration in the patients 
in whom the blood pressure fell to normal as in those in whom high 
blood pressure persisted. The heart weights were roughly the same 
in both groups regardless of the duration of failure. Evidently it 
was not the persistence of hypertension that caused the heart to 
go into failure in one group and not in another, but the big heart 
which failed in both. Irrespective of the severity of the vessel and 
muscle damage the common background of congestive heart failure 
in this material as in failure of all types is cardiac enlargement. 

Palmer'® was of the opinion that the prognosis was better in hyper- 
tensive cases in whom, following coronary occlusion, blood pressure 
returned to a high level. This view is not supported by our observa- 
tions since we found that a restoration of hypertension did not 
adversely or beneficially affect the life span of the patients. Simi- 
larly, a persistently low blood pressure following coronary occlusion 
also neither adversely nor beneficially affected the clinical course 
of the patients. 

The discrepancy between the cases in which hypertension re- 
curred and those in which it did not is more apparent than real. 
Hypertension of long duration was present in both groups prior to 
the acute occlusion and caused the hearts to undergo varying but 
fairly marked degrees of cardiac enlargement. Vascular and myo- 
cardial damage were as severe in the one as in the other group. Both 
suffered from a primarj^ impairment of nutrition due to coronary 
^ disease, and both suffered from a secondary impairment of nutri- 
tion due to cardiac hypertrophy. It has been shown® that in the 
thickened fiber the capillarj’’ bed is diffused over a greater area than 
in the normal, that the blood supply varies inversely as the square 
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of the distance from the capillary, ^ and that the pulse rate is not 
slowed in proportion to the degree of increased fiber size/’ 

The blood pressure shows marked variations with many factors 
and for long periods of time. It is also accepted that the blood 
pressure is not directly related to the functional capacity of the 
heart but is due solely to the peripheral resistance. Low blood 
pressure may be found with good cardiac function; high blood pres- 
sure way be found witli marked failure as the heart for a long time 
overcomes the increased load. 

To maintain the circulation, the heart must itself obtain ample 
blood. The blood supply to the heart depends upon many mechan- 
ical, humoral, and reflex factors. Normally, the heart is supplied 
chiefly during diastole, systole being of lesser importance. In- 
creased systolic and diastolic blood pressure according to Gregg'* 
augment coronarj^ flow during acute hypertension; ICountz,® how- 
ever, has recently shown that in the liypertrophied or dilated heart 
the major portion of coronary flow occurs during systole when the 
heart approximates its normal diastolic volume. In hypertrophied 
hearts, increase in systolic perfusion pressure corresponding to hyper- 
tension, did not augment coronary flow. Increasing dilatation pro- 
gressively reduced coronarj’’ inflow. 

In the patients in whom there was a restoration of hypertension 
the heart had to work against increased peripheral resistance, 
whereas when there was no such restoration, the cardiac load was 
less. If hypertension increases coronarj^ flow one would expect a 
beneficial effect in such cases. Such benefit might be lost in the 
patients in a permanent drop of blood pressure but there is less work 
for the heart. The enlarged heart, however, requires the increased 
coronary flow associated witli hypertension. On the other hand, 
the observations of Kountz would negate the views that the restora- 
tion of hypertension is beneficial by causing an increase in coronary 
flow. 

In our patients, whether the high blood pressure recurred or not 
following coronary occlusion, the terminal heart weight, duration 
of heart failure, and the duration of life Avere the same. It appears 
to us that in the enlarged heart with preexisting extensive vascular 
and myocardial damage, the nutrition to the heart itself is of greater 
importance in maintaining cardiac efficiency than the load the heart 
has to bear. The frequency with Avhich a small vessel closure 
produces permanent congestive failure in a large but not in a small 
heart, and the number of cases of congestive failure associated at 
necropsy with a terminal small coronary occlusion attest to this 
fact. The occurrence of acute failure folloAving a slight increase of 
the pulse rate in a hypertrophied heart is additional proof. 

It is not possible to state why persistent hypertension which is 
so great- a burden to the heart should, when it recurs following 
coronary occlusion in the enlarged heart, neither hasten further 
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myocardial damage nor failure. It is felt that in the presenee of 
marked coronary disease, cardiac hj’pertrophy, and infarction the 
damage has been done and is the same whether high blood pressure 
reeurs or not. Evidently physiological adjustments in coronary flow 
in both groups lead to the same natural course. 

Summary and Conclusions. 1. An analysis is presented of 100 
autopsied cases of hypertension and severe coronarj'^ artery disease 
studied for the effect of the blood pressure on the subsequent course. 
All the cases had eardiac hypertrophy and marked myocardial 
damage. 

2. Ninety cases had chronic congestive heart failure. The high 
incidenee of heart failure is partly due to the type of patient ad- 
mitted to Montefiore Hospital. The onset of heart failure frequently 
followed an acute coronary occlusion. This occurrence was so strik- 
ing that in cases of chronie coronary sclerosis when heart failure 
begins rather abruptly a silent coronary occlusion should be sus- 
peeted. 

.3. There were 24 cases with terminal acute eoronarj’- closure and 
in these the course of blood pressure was known for at least 1 year 
prior to death. Fifteen had hypertension persisting up to the final 
closure, 7 had low blood pressure for several months prior to the 
closure and in 2 the blood pressure varied in the preceding year. 

4. Analysis of the course of blood pressure subsequent to acute 
coronary occlusion was made. Eighteen eases had persistent hjqier- 
tension (after recovery from the initial drop), 12 had permanently 
low blood pressure, and in 10 the pressure varied. The same varia- 
tions in the course of hypertension oceurred when no acute occlusion 
could be diagnosed clinically with certainty. 

5. Twenty-one of the 100 eases died suddenly. Many of these 
had the clinical picture of acute coronary thrombosis but in only 
four of this group was a terminal closure found following coronary 
thrombosis. 

6. The subsequent blood pressure in hypertensive cases following 
coronary thrombosis had no effect on longevity, or on the occurrence, 
severity and duration of heart failure. Neither was there a definite 
relation between the course of blood pressure and the heart weight 
and the duration of failure. Physiological factors undoubtedly 
play a role in adjusting the work of the heart to a restoration or a 
permanent fall in the blood pressure. These factors have been 
discussed. 

We wish to acknowledge our indebtedness to Mr. Herbert H. Marks of the Statis- 
tical Division of the Metropolitan Life Insurance Company for help with the statis- 
tical part of this work. 
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PAINLESS MYOCARDIAL INFARCTION. 

By H. ]\1arvin Pollard, M.D., 

ASSISTANT PROFESSOR OF INTERNAL MEDICINE, 

AND 

T. Haynes Harvill, M.D., 

INSTRUCTOR IN INTERNAL MEDICINE, 

UNIVERSITY HOSPITAL, ANN ARBOR, MICH. 

(From the Department of Internal Medicine, University of Michigan Medical School, 

University Hospital.) 

During the past few years it has become apparent that the sudden 
occlusion of a large coronary artery is not always associated with 
the pain which commonly characterizes this accident. Obrastzow 
and Straschesko,'® who first recognized coronary occlusion as a 
clinical and pathologic entity, emphasized the occurrence of three 
groups of symptoms: “status anginosus,” or retrosternal pain often 
radiating to the left arm; “status gastralgicus,” or pressure in the 
epigastrium; and “status dysnepticus,” or dyspnea and respiratory 
irregularities. The work of Herrick® is mainly responsible for the 
great advances in the recognition and treatment of this disorder 
which have taken place in America during the last quarter of a 
century. In his original communication he made the interesting 
suggestion that sudden coronary occlusion due to thrombosis may 
result in more profound symptoms than gradual arteriosclerotic 
occlusion. He mentioned no cases of his own in which pain had 
been absent, but noted that other authors had reported cases of 
this kind. 

In the numerous reports of small and large series of cases of 
coronary occlusion that have been published, the incidence of 
painless occlusion has varied greatly (Table 1). Some authors 
have included in the painless group all cases in which the patient 
did not use the term pain in describing his symptoms, even though 
“precordial discomfort,” “precordial distress,” or “a sense of con- 
striction in the chest” did occur. Other authors have considered 
^ sensations of this kind as equivalent to pain and have defined pain- 
less coronary occlusion in such a way as to exclude all cases in 
which they occurred. Some authors have included in the painless 
group cases in which the patient had experienced transient anginal 
pain of the type which occurs in angina of effort, but no prolonged 
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pain of the sort nsually considered characteristic of coronary occlu- 
sion and in which there were no dramatic symptoms at the time 
when, judging from the postmortem findings, the coronary occlu- 
sion was thought to have occurred. The number of cases of paml^s 
coronary occlusion encountered obviously depends upon how the 
term painless is defined and upon the care with _^ich the history 
is taken. Furthermore, there is often great difficulty m diner- 
entiating the pain of angina pectoris and that of coronary occlusion. 

Table 1.-— Incidence op Painless Myocardial Infarction as Previously 

Reported. 


Authors. 1 

Cases 

studied. 

Incidence 
of painless 
cases, 

%. 

Boyd’^ 

127 

33 

Bruenn^ 

31 

61 

Davis® 

42 

50 

Gorham and Martin' 

100 

42 


Kennedy®: 

Recent infarctions 

96 

8.3 

Old infarctions 

102 

36.2 

Levine and Brown® 

46 

48 

Masters® 

35 

60 

SaphirU 

34 

38 


Remarks. 


53 cases reported; 11 died suddenly (not 
included here) . 

“Vague discomfort or a sense of pressure 
or constriction in the chest was not 
recorded as pain”; 19% of painless 
group had preceding angina. 

4% painless, 4% showed discomfort. 
All postmortem material and infarcts 
classified as old and recent (greater or 
less than 8 weeks’ duration) . 

22.5% painless; 13.7% discomfort. 

Postmortem cases. Some histories inad- 
equate. 

Postoperative occlusions. Narcotics and 
postoperative condition may have ob- 
scured pain in some cases. 

Congestive failure, etc., might explain 
absence of pain in some cases. 


The wide diversity of incidence of painless coronary occlusion 
in the series of cases of this disorder reported in the literature 
prompted us to study 375 cases of coronary occlusion observed in 
this hospital. 

Material. We have examined all of the case histories accumulated in 
the past 6 years at this hospital in which coronary occlusion appears among 
the final diagnoses. After discarding those cases in which the diagnosis 
did not seem to us to be substantiated by the clinical findings, 375 cases 
remained. In 67 of these 375 cases the diagnosis of coronary occlusion had 
been recorded with a question mark, because the clinician in charge of the 
patient felt that there was some uncertainty as to its correctness. However, 
on careful examination of the liistories of the cases included here, we felt 
th^_ the symptomatology, physical, laboratory and electrocardiographic 
findings, although not pathognomonic of coronary occlusion, strongly sup- 
ported that diagnosis. Of these 375 cases there were 32 (approximately 
8.5%)_which we classified as definitely painless. _ Because the great majority 
of patients seen in the hospital come from a distance, a relatively smaller 
percentage of those with coronary occlusion are seen immediately following 
the accidpt than would be the case in a hospital of similar size located in 
a large city A large proportion of the patients are sent to the hospital 
by the lanuly physician who is more likely to refer patients in which the 
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diagnosis is in doubt than cases in which it is obvious. It would seem that 
both of these factors would tend to make the incidence of painless coronary- 
occlusion in our series too high rather than too low. 

Our series includes cases from ail the different services in the liospital, 
but the vast majority are from the Medical Service. Those patients 
admitted to other services were seen by one of the senior members of the 
Medical Staff. In examining the case histories of hospitalized patients, 
we re\aewed not only the complete typewritten history taken by the intern 
but also the admission note made by the resident physician and the addi- 
tional notes made bji" staff members. In the case of out-patients, the 
histories were taken by one of the instructors of the department, or by a 
senior member of the staff. 

At this hospital, electrocardiograms are taken in practically all cases in 
which heart disease is Icnown or thought to be present. It is probable, 
therefore, that comparatively few cases of coronary occlusion escaped detec- 
tion because of the at3fpical symptomatologjL In some instances, electro- 
cardiograms taken elsewhere during the acute phases of the patient’s illness 
were examined. 

Criteria. All electrocardiograms were interpreted by one of the 
permanent staff members of the Cardiology Service. On the basis 
of electrocardiographic and necropsy findings, we have divided our 
cases of painless coronary occlusion into two groups. Group I 
includes 17 cases in which the autopsy findings, the electrocardio- 
graphic findings, or both, left no doubt as to the correctness of the 
diagnosis of myocardial infarction. The electrocardiographic ab- 
normalities occurring in this group include significant transient 
S.T. displacement and progressive T-wave inversion of the coron- 
ary tj^e, often associated with prominent Q-waves in the standard 
limb leads or similar changes in chest leads. Group II includes 
15 cases in which the electrocardiograms were thought to be com- 
patible with but not diagnostic of myocardial infarction. The 
electrocardiographic changes considered significant in the light of 
the clinical findings were A-V or intraventricular heart block, and 
abnormally prominent Q-waves in Lead I or in Leads II and III. 
We have separated these two groups so that we might base our 
final conclusions on the cases of Group I in which the diagnosis 
could be made with certainty. We have included the cases of 
Group II to meet the objection that too rigid electrocardiographic 
criteria may eliminate varieties of coronarj’’ occlusion which do 
not produce pathognomonic electrocardiographic changes. We 
realize that some of the electrocardiographic findings in this group 
may not have been due to myocardial infarction. Nevertheless, 
these findings in association with a strongly suggestive clinical 
historj'- greatlji- support the view that the cases of this group should 
be regarded as highly probable examples of painless myocardial 
infarction. Our series of cases of painless coronarj’- occlusion 
includes no instance in which the electrocardiogram was negative. 
It includes no instance in which there was precordial or substernal 
pain with or without radiation or in which the patient experienced 
substernal oppressioUj burning or constriction or precordial dis- 



POLIARD, IlARVILLt PAINLESS MYOCARDIAL INFARCTION 631 

comfort. We also excluded from this series all cases in which there 
was upper abdominal pain or distress associated with cardiac dys- 
function. In brief, we excluded all cases in which the diagnosis 
of coronary occlusion was suggested by symptoms of an ^ anginal 
character. It has been postulated^ that gradual arteriosclerotic 
narrowing of a coronary artery is less likely to produce pain than 
sudden thrombotic occlusion. If such be the case, one would expect 
the symptoms of painless arteriosclerotic occlusion to be less 
dramatic than the non-painful features of sudden myocardial 
infarction. Levine and Brown,® however, have shown that sudden 
coronary occlusion may occur without pain. Hence gradual nar- 
rowing of the coronary arteries without thrombosis is not a neces- 
sary concomitant in the painless cases. Saphir et al}^ and Levine 
and Brown® have also emphasized the observation that myocardial 
infarction, even when associated with mural thrombi, may be present 
when the coronary arteries are narrowed but not completely 
occluded. 

Discussion. The 17 cases placed in Group I, which includes the 
unquestionable examples of painless coronary occlusion, comprise 
4.5% of the group of 375 cases of coronary occlusion studied. 
The age of the patients placed in this group ranged from 33 to 
83 years. The mean age was 60.1 years. The ratio of males to 
females was 1.8 to 1. Twelve (71%) of this group had at one time 
or another a systolic blood pressure above 150 mm. of mercury, 
a diastolic pressure above 100 mm. of mercury, or both. In the 
series of 343 cases in which pain was a prominent symptom of 
coronary occlusion, the ratio of males to females was 3.57 to 1, 
but there was no other significant difference between this group and 
the smaller group in which coronary occlusion was painless. By 
electrocardiographic or necropsy evidence, 6 of the painless 17 
infarctions were anterior, 9 were posterior and' 2 had infarction of 
both anterior and posterior myocardial walls. 


Table 2. Symptoms of Painless Myocardial Infarctions. 
(Based on Cases of Group I.) 


Cases. 


Dyspnea 

Sudden nausea or vomiting . 
Fainting or eollapse . 

No symptoms 

Vertigo 

Hemiparesis 


The incidence of the more important symptoms which occurred in 
the painless group (Group I) is given in Table 2. Dyspnea was 
the most frequent symptom and it occurred in 8 cases. Other 
prominent symptoms were sudden nausea and vomiting (5 cases), 
fainting or collapse (4 cases) and dizziness (3 cases). Hemiparesis 
occurred in 1 instance. In 4 cases no history of dramatic symp- 
toms of any kind could be elicited. In some cases two or more 
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symptoms were present. The cases of this group are summarized 
in Table 3. 

It will be noted that the incidence of painless myocardial infarc- 
tion in our series of cases is approximately the same as in the series 
of cases of recent infarction reported by Kennedy.’ Four per cent 
of his cases of recent infarction were painless. Kennedy considered 
the infarction as recent when the lesion indicated that it was less 
than 8 weeks in duration. It should be mentioned that in recent 
infarction the electrocardiographic changes are more likely to be 
pathognomonic than in infarction of much longer duration. 


Table 3.— Summary op Painless Cases or Group I. (Diagnosis Positive.) 


Patient. 

Age. 

Sc-x. 

Symptoms referable to oeclusion. 

Blood pressure. 

Location of infarct. 

W.L. 

389927 

59 

M 

Sudden dizziness, ataxia, vomiting 

150/94 

Anterior (EKG) 

E.B. 

339255 

83 

M 

Sudden dizziness, collapse 

118/65 

Ant. (EKG) 

M.F. 

3488S0 

69 

M 

Gradual dj’spnea 

100/78 

Both (EKG and RM.*) 

J. S. 

352G65 

51 

M 

Progressive dyspnea, sudden dizzi- 
ness and collapse 

190/140 

Posterior (P.M.) 

I.F. 

378961 

65 

F 

No symptoms 

135/72 

Post. (EKG) 

C. R. 

393277 

67 

M 

No sjTnptoms 

150/100 

Ant. (EKG) 

0. S. 

393538 

78 

M 

Sudden dj’spnca 

190/100 

Ant. (P.M.) 

D. B. 

40G087 

80 

M 

Vomiting and collapse 

160/7 

Post. (EKG) 

L.B. 

130113 

53 

F 

Progressive dj'spnea 

160/90 

Post. (EKG) 

B. 0. 

415029 

37 

M 

Sudden dj’spnca 

245/145 

Post. (EKG) 

B, C. 

415878 

48 

M 

No symptoms 

170/114 

Post. (EKG) 

W. W. 

417748 

47 

M 

Fainting, vomiting, dj'spnea 

105/75 

Post. (EKG) 

S.M. 

419935 

33 

F 

Gradual tveakness, dj’spnea 

240/155 

Both (P.hf.) 

E. F. 

421257 

54 

F 

Hemiparesis, vomiting 

210/120 

Post. (EKG) 

F. V. 

422726 

61 

F 

Sudden dyspnea, ej'anosis 

190/90 

Ant. (P.M.) 

M. C. 

426313 

56 

F 

No ej’mptoms 

100/70 

Ant. (EKG) 

J. M. 

416911 

SO 

M 

Sudden vomiting 

155/100 

Post. (P.M.) 


• P.M. = Postmortem e.xamination. 


It is probable, therefore, that most of the cases of myocardial 
infarction placed in Group I were examples of recent infarction. 
In many instances the lack of dramatic symptoms made it im- 
possible to determine the age of the infarct. In comparing our 
series of cases with those that have been reported by others, several 
factors which may affect the incidence of painless coronary occlu- 
sion should be borne in mind. The more carefully the history is 
taken, the more frequently will painful features come to light. 
A patient partially narcotized because of a recent operation or 
because of cardiac failure would be less likely to experience pain 
following coronarj'' occlusion than one who was mentally alert. 
We wish to emphasize that we have excluded from our painless 
group all cases in which “anginal” distress of any type occurred. 
Unfortunately, none of om’ patients were subjected to the Libman 
test of sensitivity to pain. 

Tj'pical examples of the cases included in Group I are as follows: 

Case Abstracts. Case 1. — ^W. L., No. 389927, a 59-year-old white male, 
dentist, was admitted, Sept. 25, 1936. Three weelcs prior to admission, 
while working in his yard, he suddenly became very following which 
he_ was ataxic and subsequently vomited severely for 1 hour. Three days 
prior to admission he had a similar attack and vomited for 6 to 8 hours. 
Again there was ataxia. Since then he had felt indisposed but with no 
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specific complaints. Throughout, there had been no abdominal pain or 
cardiac symptoms. Blood pressure, 150/94. Heart was not enlarged but 

sounds were distant. . , • . • -xi ; + 

Electrocardiogram Sept. 25 showed left axis deviation \iuth promment 
Q-waves in Leads I and II. There was small notched QBS complexes in 
Lead 11. Repeat electrocardiogram on Oct. 12, 1936,_ revealed^ similar 
findings. R-waves were absent and T-waves sharply inverted in chest 
leads Vs and V 4 . W-shaped complexes and sharply inverted T-wayes were 
present in chest lead Vg. Repeat chest leads, Jan. 5, 1937, showed partial 
regression of the T-wave inversion. 

He had another attack of severe dizziness followed by signs and symp- 
toms of a right hemiparesis which cleared up slowly. On Jan. 5, 1937, his 
heart was enlarged, the blood pressure was 140/90, and there was slight 

ankle edema. . r • 

This patient presented positive electrocardiographic chpges of anterior 
infarction, marked by sudden dizziness, ataxia and vomiting, but no pain. 

Case 2. — D. B., No. 406087, white male, aged 80, was admitted July 17, 
1937. Three days prior to admission, on the evening following a picnic, 
he became nauseated and vomited once. He was seen promptly by an 
internist who was unable to elicit any history of pain. His pulse at that 
time was 42, blood pressure 160 systolic. Nausea and vomiting persisted. 
The morning of July 17, on arising, he suddenly collapsed but was not 
unconscious and experienced no pain. Examination on admission revealed 
a blood pressure of 88/58, pulse 32, respiration 28. He was very cyanotic. 
The heart was enlarged liut there were no murmurs. The lung fields 
showed bilateral basilar rales. _ His pulse changed to 52 ivith bigeminy, 
later to 78 with gross irregularity. Blood pressure^ later was 106/72. He 
developed urinary retention followed by an elevation of the non-protein 
nitrogen. Pulse rate increased progressively to 100-120, still grossly irregular. 

Electrocardiogram July 18, 1937, shoived complete A-V block, auricular 
rate 86 , ventricular rate 33 and elevation of the ST segment in Leads II 
and HI. This tracing Avas repeated July 20 and on this occasion it shoAved 
auricular fibrillation with a rate of 78. There were small QRS groups in 
Lead H and large Q-Avaves. Large Q-Avaves were present in Lead III Avith 
elevation of the ST segment in Leads II and HI. T-waves were inverted 
in Lead I only. The white blood cell count on two occasions was 15,000 
and 37,000. Temperature sloAvly rose to 101° and later his respirations 
ceased. Postmortem examination was refused. 

The electrocardiogram Avas considered diagnostic of a very recent poste- 
rior myocardial infarction. This probably occurred as a painless episode 
3 days prior to admission. 


The 15 cases AAdiich Ave have placed in Group II (the cases of 
probable coronary occlusion in Avhich no pain occurred) comprise 
4% of the total number of 375 cases of coronary occlusion studied. 
These cases are summarized in Table 4. In 5 instances there w^ere 
no dramatic symptoms and the electrocardiogram was not pathog- 
nomonic. It was therefore not possible to estimate the age of the 
infarct if such were present. As in Group I, the sudden onset of 
dyspnea was the most frequent symptom, being present in 8 of 
the 15 cases. In this Group II, the ages ranged from 37 to 78 years 
with a mean age of 60.2. The ratio of males to female was 2.75 to 1 . 
In 10 of the 15 cases (67%) there was a systolic blood pressure above 
150 mm. of mercury, a diastolic blood pressure aboAm 100 mm. of 
mercury or both. 
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Table 4.— Summary of Painless Cases of Group II (Diagnosis Probable.) 


Patient. . 

Age. 

Sex. 

Symptoms referable to occlusion. 

Blood pressure. 

EKG changes.* 

J.B. 

325587 

78 

M 

No symptoms 

130/95 

Or, Qs 

F. F. 

330307 

45 

M 

Sudden onset of nocturnal dyspnea 

188/142 

Compl. A-V block 

E. S. 

335364 

58 

M 

Sudden dyspnea 

130/90 

Serial Ti changes 

Qi present 

A. vS. 

353249 

73 

M 

Sudden dyspnea 

166/68 

Compl. left bundle branch 
block 

W.H. 

382184 

37 

M 

Sudden dyspnea and weakness 

110/7100 

Serial Ti changes 

A. S. 

386508 

77 

F 

Sudden severe cough 

140/70 

Qs. Qr 

M. S. 

383824 

50 

M 

Nocturnal dyspnea 

160/88 

Change from normal EKG to 
incompl. left bundle 
branch block 

H. F. 

391447 

53 

M 

Sudden severe weakness, fatigue, 
fall in blood pressure 

160/120 

Large Qj 

.LM. 

412705 

65 

F 

No sjTnptoma 

240/140 

Large Qi, Q:, Qj 

C. C. 

417292 

71 

M 

Sudden dyspnea 

160/110 

Intravent, and A-A’’ block 
changing to auric, fibrilla- 
tion with intravent, block 

D. A. 

419998 

47 

M 

Sudden dyspnea, weakness 

150/100 

Intravent, block with broad 
Qr 

Partial A-V and left bundle 
branch block 

L. P. 

350524 

68 

F 

No symptoms 

170/00 

H. J. 

427418 

51 

M 

No symptoms 

114/76 

Large Qj, Qjwith inverted Tj 

C. L. 

430058 

71 

M 

Sudden dyspnea 

154/90 

Prominent Qi, Qj; inverted 
Ts.Tj 

F. B. 

387798 

59 

F 

No sjTnptoms 

186/98 

Qj, Qa 


• Qi, Qj and Qs refer to ttte presence of prominent Q waves respectively in standard limb Leads I, II or III 
T wave changes are similarly designated. 

Typical examples of the cases included in this group are as 
follows: 

Case Abstracts. Case 3. — F. F., No. 330307, aged 45, white male, was 
admitted Feb. 15, 1934, complaining of shortness of breath. In 1919, he 
developed dyspnea and was told he had a leakage of the heart. Later he 
was completely asymptomatic until June, 1933, when he developed' par- 
oxysmal nocturnal dyspnea and ease of fatigue, becoming progressively 
worse. In November he developed edema and ascites and Avas put to bed 
for 2 Aveeks Avith improvement. Four Aveeks prior to admission he experi- 
enced recurrence of dyspnea and edema. 

Examination shoAved cyanosis and Cheyne-Stokes respirations. There 
Avere moist rales throughout both lung fields with enlargement of the heart, 
and a regular rate of 44 per minute. Blood pressure 188/142. There Avas 
ascites and some liver enlargement. Electrocardiogram of Feb. 15 shoAved 
complete A-V heart block Avith abnormal ventricular complex; auricular 
rate 97, ventricular rate 53. He Avas digitalized. 

On the evening of his fourth hospital day he complained of pain under 
the upper part of the sternum, radiating into the neck. Later he cried out 
Avith a very sharp severe pain under the sternum and died a feiv minutes 
later. Autopsy Avas not obtained. 

Presumably this Avas a case of painless infarction resulting in A-V heart 
block, and a terminal painful occlusion. 

Case 4. — No. 335364, Avhite male, aged 58, Avas admitted May 7, 1934. 
There Avere no cardiac symptoms until 2| months prior to admission Avhen 
he suddenly experienced intense shortness of breath for a feAV minutes. He 
AA'aUred upstairs and collapsed; his brother, a physician, noticed that he 
was quite pale, covered Avith a cold perspiration, and pulseless. On auscul- 
tation the heart beat was quite faint. Systolic blood pressure Avas 110 to 
112 mm. Hg | hour later. He had no pain. The next day he felt entirely 
well, although his temperature rose to 99.5° to 100.5° for several days. 
Prior to the attack his systolic blood pressure had been 126 to 128 mm. Hg. 
Subsequently he felt Avell. 
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Examination was negative. Blood pressure 13^90- Serial electrocardio- 
grams provided by the local physician showed T-waye changes mLeadl 
and a small Q-wave in Lead I Avhicli were suspicious but not diagnostic o 
infarction. Chest leads on May 7 were negative. 

The clinical history was that of coronary occlusion supported by an 
electrocardiogram which was compatible but not diagnostic. There was 
no pain. 


Conclusions. 1. In a study of 375 cases of myocardial infarction 
in which the diagnosis based on the clinical features, electro- 
cardiographic findings, and available necropsy, material, there were 
17 instances (4.5%) of undoubted coronary occlusion in which no 
pain, substernal pressure, or other “anginal” symptoms had oc- 
curred at any time. 

2. There were 15 additional cases (4%) in which there had been 
no pain or anginal symptoms and in which the presence of myo- 
cardial infarction was strongly suspected even though the electro- 
cardiographic findings were not pathognomonic. In our opinion 
painless coronary occlusion is, therefore,' relatively uncommon. 

3. Among the symptoms which occurred at the time of the 
accident in the group of 17 undoubted. cases, the most common were 
dyspnea, nausea and vomiting, dizziness and fainting or collapse. 


The authors wish to express their appreciation of the kind assistance and sugges- 
tions given by Dr. Prank N. Wilson and Dr. Franklin D. Johnston in the preparation 
of this paper. 
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THE ETIOLOGY OF IDIOPATHIC PNEUMOTHORAX, 

By Heinz J. Lorge, M.D.,* 

ASSISTANT PHYSICIAN, RUTLAND STATE SANATORIUM, RUTLAND, MASS.; ASSOCIATE IN 
MEDICINE, ST. VINCENT HOSPITAL, WORCESTER, MASS., 

RUTLAND, MASS. 

(From the Rhode Island Hospital.) 

In the older literature spontaneous pneumothorax was described 
as invariably caused by rupture of a tuberculous focus or some other 
destructive process of the lung into the pleural cavity. More 
recently, however, it was noted that the lungs after reexpansion 
may be entirely free of demonstrable disease in many of these cases, 
ihey wtere designated as “idiopathic pneumothorax.” Kjaergaard,® 

* Formerly Resident Cardiologist, Rhode Island Hospital, Providence, R. I. 



636 


LORGE: etiology op idiopathic PNEmiOTHORAX 


who proposed the term “pneumothorax simplex” (1932) for those 
cases of pneumothorax in which no apparent cause could be recog- 
nized, gave as etiologic factors rupture of blebs near a pulmonary 
scar, or of an emphysematous bleb. In some of his cases, a bleb at 
the surface of the lung could be diagnosed b}’’ Roentgen ray films, 
but in the majority no blebs could be demonstrated. Castex and 
Mazzei^ reported 12 cases of spontaneous pneumothorax in which 
the rupture of bullse appeared to be the cai^se. In 3 of these, pleural 
blebs were demonstrable. The writers state that all patients were 
males, 22 to 30 years of age. Gordon^ reported 5 cases referable to 
emphysematous or otlier blebs which were demonstrable on the 
films. 

The presence of emphysematous and other blebs of the pleura 
is now thought to be the cause for the occurrence of idiopathic 
pneumothorax. Kirshner,'* however, in 1938 has called attention 
to the fact that the disease will “occur in young people who rarely 
show emphysema and spare the aged in whom emphysema is fairly 
common.” He also advanced evidence that idiopathic pneumo- 
thorax may be the result of “a congenital pleural defect or an ac- 
quired pleural defect with a congenital anlage,” and that the forma- 
tion of pleural blebs may be a secondary manifestation of a primarily 
weakened pleura. The cases reported below invite similar specula- 
tions in support of Kirshner’s conception and strongly suggest that 
in the idiopathic form of spontaneous pneumothorax we are dealing 
with a primary'' constitutional inferiority of the pleural structure. 

Case Abstracts.* Case 1.— Patient was admitted on May 15, 1936, 
having had for 10 days dyspnea and dull pain in the left axilla and below 
the sternum. The symptoms gradually decreased in intensity, and on 
admission patient was practically s 3 Tnptom-free. The past and family 
histories were irrelevant. There was no contact with tuberculosis.^ The 
physical examination was not remarkable except for the findings in the 
chest. The right lung was normal, but on the left expansion was decreased, 
the vocal sounds were metallic, there was hyperresonance and the breath 
sounds were barely audible. There were no rales. The heart was normal 
as to the position, size, sounds and rhytlun, the blood pressure 130/90. 
Roentgen ray showed complete collapse of the left lung with no fluid or 
adhesions, and the mediastinum in the middle. Blood and urine showed 
no abnormality. The sputum was negative for tubercle bacilli. The EKG 
showed only respiratory arrhythmia. The tubercuUn test was positive 
1 to 10,000. Patient was afebrile throughout. The left lung gradually 
reexpanded within 75 days and was then clear on physical and Roentgen 
ray examinations. 

Case 2. — This patient developed sudden pain throughout his right 
chest and dyspnea when he was running to catch a street car. On the fol- 
lowing day. Sept. 18, 1939, he was admitted, 20 hours after the onset of 
symptoms. Family and past histories were not remarkable. There was 
no contact with tuberculosis. The physical examination was normal 
except for the findings in the chest. On the right side which was hyper- 

* Cases 1 to 4 were studied at the Rhode Island Hospital; Cases 5 to 6 by Dr. J. J. 
Dumphy, and at the St. Vincent Hospital; Cases 7 to 9 at the Rutland State 
Sanatorium. 
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resonant, expansion, vocal fremitus, breath sounds and rales were absent 
The left lune was normal. The heart was normal except for a soft systolic 
murmur at the apex, the blood pressure was 90/65 Roentgen ray revealed 
a normal left lung field and complete collapse of the right lung, with no 
fluid or adliesions, and the trachea was in the midlme. Blood and urme were 
normal except for a leukocytosis of 12,850 (normal differential ^ 

admission. The scanty sputum was negative for tubercle baciUi. ihe 
tuberculin test was positive 1 to 1000. Electrocardiogram showed right axis 
deviation on the day of admission, but a normal axis on later tracings. 
Patient was soon afebrile and symptom-free. Reexpansion took place 
within 41 days after which both lungs remained clear. 

Case 3.— Patient had been in good health until 2 months ago when he 
had pain in the left anterior chest for 24 hours. Six weeks later he fell on 
his back but suffered no apparent injury. In the morning of the day of 
admission he experienced a sudden pain over the whole chest and particu- 
larly the precordium, radiating into back and left shoulder, but worked 
until the afternoon when he became pale and breathless. On admission, 
June 27, 1936, he was evidently in shock. Physical examination revealed 
absence of vocal fremitus and breath sounds with hyperresonance over the 
upper, and dullness over the lower, halves on the left. The heart was pushed 
to the right, and there was a systolic murmur at the apex. Efims revealed 
complete collapse of the left lung with a fluid level at the fourth rib and 
heart and mediastinum displaced into the right side. The EKG showed 
a slight depression of ST2. An exploratory aspiration on the left revealed 
pure blood. Pulse and blood pressure could barely be registered. Patient 
remained in shock and died 6 hours after admission. 

Autopsy (Dr. Egoville). When the left pleural cavity was opened, 
air escaped under positive pressure. The left pleural cavity contained 
about 3000 cc. of liquid blood and a few clots. The left lung was completely 
collapsed. The right pleural cavity contained no blood, and the lung was 
free of adhesions. The mediastinum was pushed to the right so that the 
apex of the heart rested beneath the sternum. There was no free blood in 
the mediastinum. The heart was normal. At the apex of the collapsed 
left lung there was slight scarring and a few emphysematous bull®, but 
the pleural surface was everywhere intact. No bleeding point was dis- 
covered. The cut surface was elastic and retractile. The pulmonary 
arteries showed no abnormality. The right lung showed also a slight amount 
of apical scarring but was not otherwise remarkable. 

Case 4,~Patient was admitted on March 30, 1936, with complaints 
of stabbing pain in the left chest and dyspnea on exertion of about 2 
months’ duration. He could not recall any injury. The family and past 
histories were negative. Heart and electrocardiogram were normal; blood 
pressure 116/78. However, expansion, vocal fremitus and breath sound 
over -the left hemithorax were diminished and there were dullness and a 
succussion_ splash at the base with hyperresonance above. The findings 
over the right hemithorax were normal. Roentgen rays showed consider- 
able coUapse of the left lung, with fluid covering the diaphragmatic dome 
and some shifting of the mediastinum to the right. There was a leuko- 
cytosis of 14,500, and 10,200 after 5 days (normal differential count) . Other- 
wise blood and urine were normal. During the first 3 days the fluid in- 
creased, was aspirated and did not recur. The specimen was straw-colored 
and sterile on culture and guinea-pig inoculation. Patient remained Avell 
f hospitalization, still ivith a partial 

pneumothorax. His left lung reexpanded within the follomng 2 months, 
and his chest was then entirely clear. ’ 

dp?if Feb. 15, 1938, patient was sud- 

denly seized by severe pain m the right chest and shoulder, and dyspnea, 
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when driving a car. The family history was negative. He had scarlet fever 
and 2 pneumonias in childhood and an aiipendoctomy 5 years ago. Tlie 
essential features of the plij'sical examinations were confined to the chest; 
the heart revealed normal rhythm, size and sounds; the blood pressure 
was 102/64. The right hemithorax showed restricted e.xpansion, absent 
vocal fremitus and breath sounds, and hyperresonance on percussion. The 
left side was normal. On Roentgen ray there was complete collapse of the 
right lung which was seen as a round small shadow in the region of the right 
hilus and no fluid. The left lung was normal. Blood and urine were normal 
except for an initial leukocytosis of 11,300 (normal differential^ count). 
The sputum was persistently negative for tubercle bacilli. Patient was 
afebrile throughout and sjunptom-free from the third day. His right lung 
reexpanded within about 1 month, after which there was no exddence of 
pulmonary disease. He has occasionally been seen later on and remained in 
good health. 

Case 6.— This patient, seen on Oct. 4, 1934, complained of a dull ache 
in the left chest and dyspnea. These symptoms had suddenly started 
shortly ago when patient was blowing a trumpet. He was little concerned 
because & had experienced similar attacks twice within the previous 2 
years, once on strain during defecation and once on inflating a toy balloon. 
Each time he became sjTuptom-free within 1 week. The family historj' 
was negative. He had influenza in 1918 and a tonsillar abscess in 1930. 
The size, rhythm, and sounds of the heart were normal; blood pressure 
140/80 on the first day and 120/80 later on. There were hyperresonance 
and absent vocal fremitus and breath sounds on the left, and normal find- 
ings on the right. On Roentgen ray there was about 50% collapse of the 
left lung, evenly distributed, and no fluid or adhesions. Blood and urine 
were normal. Patient was afebrile throughout and became sjunptom-free 
within 1 week. Full reexpansion of his left lung was noted 28 days after 
onset. The lung fields were then clear and patient remained well. 

Case 7.— Patient had always been in good health, except for frequent 
colds in the past two winters, the last one early in January, 1935. Other- 
wise the family and past histories were negative. On Jan. 23, 1935, he 
experienced blood-stained vomiting, and a sudden sharp pain in the right 
chest, followed by dyspnea. Diagnosed as havung a duodenal ulcer, be 
responded to ulcer diet elsewhere. Simultaneously he had suffered almost 
complete spontaneous pneumothorax on the right without effusion. On 
admission, Mar. 26, 1935, physical examination revealed no remarkable 
findings except in the chest; There were hyperresonance and absence of 
breath sounds over the upper parts of the right hemithorax. The lower 
half of this side, the left lung, heart and blood pressure rvere normal. Roent- 
gen ray revealed a small residual pneumothorax at the right top. Other- 
wise the lung fields appeared clear on both .sides except for accentuated 
hilus markings. Blood and urine were normal except for a leukocytosis 
of 12,500 (normal differential count). Daily sputum examinations were 
negative for tubercle bacilli. Patient was afebrile and symptom-free 
throughout. His right lung reexpanded within 5 months and remained 
clear. 

Case 8. Patient had been in excellent health until a month before 
admission, when, without recognizable reason, he suffered a right spon- 
taneous pneumothorax with sharp pain in the chest and dyspnea for 2 
days. His mother had died of tuberculosis when he w'as 5 years old. Physi- 
cal exammation revealed expansion, vocal fremitus, and breath sounds dimin- 
ished and the percussion note hyperresonant, over the right hemithorax. 
The left hemithorax and the heart were normal; blood pressure 118/70. 
Roentgen ra,y revealed a residual collapse on the right, about 30% in extent, 
evenly distributed, with no adhesions or fluid. The left lung field ivas clear. 
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nnrl urine were normal. No sputum could be obtained Fifty-two 
days after admission, i. e., about 2i months after onset, the right lung had 
fuUy reexpanded. Patient was transferred to another sanatorium and 
observed at yearly intervals. His lungs remained always clear. 

Case 9 —This young man is a waiter in the physicians dinmg rooin of 
the tatitafcn since ]?ebinary, 1939. ffls My and past histones, physical 
examination, and Roentgen rays had been found negative. >).“ 2d, 

1939, after playing baseball and taking a cold shower, he expenenced sud- 
den Uset of pain in the right chest and dyspnea. He was mmediately 
admitted as a patient. Physical examination revealed the cardmal signs 
of pneumothorax on the right. The left lung, heart, a.nd blood pressure 
were normal. Roentgen rays showed about 50% of coUapse of the right 
lung, evenly distributed, without fluid or adhesions. The left lung was 
clear. Blood and urine were normal, and sputum was not obtained. _ Un 
the basis of the characteristic findmgs as discussed later, a diagnosis ot 
idiopathic pneumothorax was made. Patient was symptorn-free on the 
following day and permitted to resume work with his right lung still col- 
lapsed. It reexpanded within 30 days. Patient is now in good health 
(November, 1939) and his chest films show no evidence of disease. 


Table 1. — Data on the 9 Cases. 


Case 

No. 

Initials. 

Color. 

Occupation. 

Side. 

Age. 

Sex. 

1 

Adhe- 

sions. 

Fluid. 

Occur- 

rence. 

Duration 
of re- 
expansion, 
in days. 

1 

C.N. 

White 

Fruit peddler 

j Left 

21 

1 Male 

No 

No 

1 

80 

2 

J. H. 

White 

Unemployed 

1 Right 

20 

Male 

No 

No 

1 

40 

3 

G. L. 

White 

Messenger 

Left 

34 

1 

Male 

No 

Blood 

1 

Died. 

4 

E. A. 

White 1 

Packer 

Left 

40 

Male 

? 

Yes 

1 

120+ 

5 1 

w. r>. 

White 1 

Salesman 

Right 

46 

Male 

No 

No 

1 ' 

30 

6 

F. G. 

White 

Dress 

attendant 

Right 

26 

Male 

No 

No 

3 

30 

7 

F. H. 

UTiite 

Electrician 

Right 

31 

Male 

No 

No 

1 

150 

8 

J. S. 

White 

Cook 

Right 

23 

Male 

No 

No 

1 

70 

9 

J. B. 

White 

Waiter 

Right 

20 

Male 

No 

No 

1 

30 


Discussion. All of the preceding cases suffered one or more attacks 
of spontaneous pneumothorax precipitated by petty causes or no 
evident causes at all. Case 3 terminated fatally by hemopneumo- 
thorax. The other 8 patients were clinically well after the collapsed 
lung had reexpanded, and no tuberculosis or any other lesion within 
the lung parenchyma could be demonstrated. The age incidence 
is striking. None of the 9 patients was beyond 46, 7 were below 35, 
4beloiv25. The age average is 29. Similar observations were made 
by Kirshner as well as Mazzei and Castex. This obvious incidence 
of the disease among the young should exclude pulmonary emphy- 
sema as an etiologic factor. Emphysema is a disease of older life, 
and wtII rarely cause collapse of the affected lung. Furthermore, 
in reviewing the literature, one is impressed by the tremendous 
predominance of the disease in the male sex. Its occurrence in 
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women may indeed be considered as an exception. All our 9 cases 
were males. Age and sex incidence thus suggest a constitutional 
factor. 

It has been observed that in the majority of cases complete col- 
lapse is the rule. This is explained by the obvious absence of adhe- 
sions between the parietal and visceral pleural leaves. It is indeed 
surprising that one should not more frequently encounter pleural 
adhesions which might have been produced by previous incidental 
infections, tuberculous first infections, or simply protective reac- 
tions preliminary to the present perforation of the pleura, whatever 
its cause may be. At least 8 of our 9 cases showed complete collapse 
of the affected lung, and no adhesions were demonstrable. The 
one remaining case (Case 4) which came to observation several 
weeks after onset, showed a considerable degree of reexpansion, 
thus making it impossible to decide whether adhesions had been 
present or not. This is the same case in which fluid had developed 
within the pleural cavity, and it is in this point that this case again 
distinguishes itself from the others in which absence of adhesions 
and fluid are the predominant features. The one case which ter- 
minated by hemo-pneumothorax cannot be considered from this 
angle. We would expect that the mechanical insult of a pleural 
perforation and sudden collapse of the lung would normally be 
answered by the production of an effusion, even without the factor 
of pleural infection. The fact that in the majority of our cases 
evidence. of effusion remained entirely wanting, again suggests func- 
tional impairment of the pleura. 

Considering the sluggishness of the pleural response, it is not 
surprising that repeated collapse of the same lung should be en- 
countered. Such cases are frequently met with in the literature. 
Watson and Robertson® reported 3 cases of recurrent spontaneous 
collapse of the lung. Case 6 of our series presents a typical ex- 
ample. It is a well Icnown fact that in collapse of the lung, spon- 
taneous or artificial, the pleural leaves tend to become adherent to 
each other after reexpansion has taken place. Yet this does not 
seem to be so in cases of idiopathic pneumothorax. Idiopathic 
pneumothorax is thus apt to appear in the form of recurrent pneu- 
mothorax. 

A major argument in favor of idiopathic pneumothorax as a 
constitutional disease is derived from the observation of familial 
occurrence. Larsen® mentions spontaneous collapse in two brothers 
who were apparently well otherwise. Willis® reports on 2 cases, 
and Gptzsche® on 5 cases of idiopathic pneumothorax within the 
same family. In our series we have not had the opportunity of 
registering a case of familial pneumothorax. LeWald'' and Larsen® 
commented on the duration of time required for the collapsed lung 
to reexpand and found it to be unduly long, ranging from 6 to over 
12 months. Normally, in the absence of manifest pulmonary dis- 
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ease or pleural effusion, we would expect the affected lung to re- 
expand in about 4 to 8 weeks. Persisting perforation can be dis- 
missed in the face of partial and gradual reexpansion. 4. here is 
reason to suspect a functionally inadequate rate of absorption for 
air of the pleura in the cases under consideration. LeWald bases 
his observations on 2 and Larsen on 7 cases. In the average of our 
cases, however, reexpansion was usually accomplished within or 
slightly beyond 2 months. 

Summary and Conclusion. The etiology of idiopathic pneumo- 
thorax is brought into relation with the following factors; 

1. Age incidence, usually below 40. 

2. Sex distribution, practically always male. 

3. Adhesions, usually absent. 

4. Fluid, usually absent. 

5. Frequentlj’- recurrent pneumothorax. 

6. Familial occurrence. 

7. Possibly slow reexpansion rate. 

Emphysema should be dismissed as an etiologic factor in idio- 
pathic pneumothorax. Individual blebs of the pleura may be pres- 
ent. If so, they are likely to be caused by traction on a primarily 
weakened pleura as suggested by Kirshner and in the light of the 
presented evidence. The primary cause of the idiopathic pneumo- 
thorax is to be sought in a constitutional inferiority of the pleural 
structure. 

The author is indebted to Dr. Frank T. Fulton of Providence, B. I., Dr. John J. 
Dumphy of Worcester, Mass., and Dr. Ernest B. Emerson, of Rutland, Mass., for 
their valuable cooperation. 
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In the present communication are reported certain observations 
concerning the frequently ruptured branch of the pulmonarj'’ artery, 
which appears to be the source of fatal hemoptysis. 
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Material. BetR-een 1934 and 1939, 240 cases of pulmonary tuberculosis, 
some of wliicb had anthracosilicosis, came to necropsy at the Laboratory 
of Patholoffif of the White Haven Sanatorium. Of tins number, 12 died 
of massive hemoptysis. The study is based upon the clinical, pathologic 
and postmortem roentgenologic observations of these cases. 

Method. In every case a postmortem roentgenogram of tiie chest ivas 
made before the necropsy. The lungs and heart were removed m one mass. 
Through a catheter inserted into the conus arteriosus, 300 to 400 cc. ol 
50% barium sulphate .suspended in water were injected into the pulmonary 
arterial system. A ligature was tied around the conus arteriosus to prevent 
a possible back-flow of the barium into tlic heart. After the arteries were 
injected, air was pumped into the bronchi.al tree in order to inflate the lungs, 
particularly the cavities. Then the sjiccimcn was laid on a casette con- 
taining an ordinary Roentgen film and an exposure was made using these 
factors; 100 prereading kilovolts, 75 milliamiieres, 5/20 second exposure 
time and a distance of 4 feet. In 3 cases the pulmonary arteries were 
injected using the same amount of barium, but with tlie_ lungs in sihi. 
This procedure was accomplished by inserting a c.atbotcr into the conus 
arteriosus through an incision made on the rigid ventricle. A ligature xyas 
tied around the conus arteriosus. In order to cxjiosc the right ventricle 
for the above procedure small segments of the 3d, 4th and 5th costal car- 
tilages were removed just lateral to the loft border of the .sternum. Having 
injected the arteries, the suliject was tied to tlie casette changer with the 
back toward the tube and stereoscopic jflates were o.xposcd, using the 
following factors; 150 prereading Icilovolts, 75 milliampcres and 5/20 second 
exposure time at a distance of 5 feet. 


Findings. (See Table 1 .) Of the 12 cases stiicliecl^ the ruptured 
vessel was discovered in 10. In 2, although the ruptured vessel 
could not be definitely identified, it was reasonably certain that it 
was in the cavity in the upper lobe which contained blood clots. 
In 6, the ruptured vessel was on the right side and in 4, on the left. 
In 10 the source of hemorrhage was in the upper lobe and in 2 in 
tlie lower lobe. In all the ruptured artery was located within a 
cavity and the point of rupture ivas on the medial aspect of the 
cavit;s'. In 5^ the ruptured rmssel assumed the shape of so-called 
Rasmussen’s aneurysm. In all the source of hemorrhage was the 
perforation of the blind pouch of the pulmonary artery embedded 
• in the medial part of the cavity wmll. In none wms tlie liemorrhage 
the result of a break of a cord-like structure so often found crossing 
the tuberculous cavity. In all the tuberculosis was chronic wdth 
considerable fibrosis. Pulmonary fibrosis was particularly marked 
in 5 cases in which there was anthracosilicosis as ivell as tuberculosis. 
In 11 the fatal hemoptysis occurred ivliile the patients were in bed. 
In 1, it came while walking. 

The postmortem arteriograms (Figs. 1 and 2) showed that the 
most frequently involved artery in the series studied was the first 
branch or the pulmonary artery ivhich extended upwmrd into the 
upper poition of the upper lobe. The arteriograms of the cases 
with the lungs t7i situ (Fig. 3) showed that the first branch of the 
pulmonary artery lies approximate^ at the level of the second cos- 
al cartilage slightly medial to the parasternal line. The cord-like 




Fig. 1A . — Case 9. In the left upper lobe is a large cavity. Arrows indicate lower 
border of cavity at second intercostal space anteriorly. 

Fig. JB . — Same ease. Arrow indicates first branch of pulmonary artery and its 
point of rupture. 




Fig. 2A. — Case 10. Arrows indicate lower border ot cavity at second rib anteriorly. 
Fig. 2B. — Same case. Arrow indicates aneurysmal dilatation of stump of first 
branch of pulmonary artery and its point of rupture. 



Fig. 3. — Pulmonary arteriogram with lungs in situ. Arrows indicate first main 
branch of pulmonary artery on either side, and level at which it comes off main artery. 



Fig. 4. — When cavities {A) are small and are located in periphery of lung, only 
arterioles are destroyed. When hemoptysis occurs in such a case it is probably never 
massive. 
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structures crossing the cavities very rarely contained blood-vessels, 
and when they did the vessels were very much narrowed on account 
of panarteritis and thrombosis. 


Table 1.— Clinical and Pathologic Data. 


Case 

No. 

Nec- 

cropsy 

No. 

Age. 

Sex. 

Type of pulmonary 
tuberculosis. 

Side of 
involve- 
ment. 

Brief description of 
ruptured vessel. 


244 

42 

M 

Chr. fibroulcerative 

Right 

Rasmussen aneurysm 



found in rt. lower lobe 
cavity. 





2 

258 

22 

M 

Chr. fibroulcerative 

Right 

Cavity in rt. upper lobe 



contained blood clots. 
Bleeding vessel not 
found. 









3 

261 

48 

M 

Chr. fibroulcerative 

Left 

Cavity in It. upper lobe 



with anthracosili- 


showed rupt. branch of 





cosis 


pul. art. 

4 

279 

28 

M 

Chr. fibroulcerative 

? 

Rupt. vessel not demonst. 

6 

282 

39 

M 

Chr. fibroulcerative 

Left 

Cavity near sternal bor- 




and siderosis 


der of It. upper lobe 
showed Rasmussen 








aneurysm. 

6 

286 

51 

M 

Chr. fibroulcerative 

Right 

Cavity in rt. upper lobe 




with anthracosili- 


showed , Rasmussen 





cosis 


aneurysm. 

7 

340 

29 

M 

Chr. fibroulcerative 

Right 

Cavities in rt. upper lobe 




with anthracosili- 


contained clots. Rupt. 





< cosis 


vessel demonst. by ar- 
teriogram. 

8 

388 

63 

F 

Chr. fibroulcerative 

Left 

Rupt. vessel demonst. 







in It. upper lobe by 
arteriogram. 

9 

389 

52 

M 

Chr. fibroulcerative 

Left 

Rupt. vessel demonst. in 







It. upper lobe by ar- 
teriogram. 

10 

413 

55 

F 

Chr. fibroulcerative 

Right 

Rupt. vessel demonst. in 







rt. upper lobe by ar- 
teriogram. 

11 

448 

53 

M 

Chr. fibroulcerative 

Right 

2 perf. vessels in bottom 





with anthracosili- 


of large cavity in rt. 





cosis 


upper lobe. 

12 

458 

34 

M 

Chr. fibroulcerative 

Left 

Rasmussen aneurysm in 


upper part of lower 
lobe. 


Discussion. Evidently there are two outstanding reasons why 
the first branch of the pulmonary artery is most often involved in 
fatal hemoptysis in pulmonary tuberculosis as found in our series. 
The first is that in pulmonary tuberculosis of the adult type with 
the disease predominantly in the upper lobe, it is the first branch 
of the pulmonary artery supplying the apex that bears the brunt of 
the pathologic processes. The arterial changes vary, depending on 
the anatomic distribution of the morbid process and the form of 
tuberculosis, whether chronic or acute. In the chronic form, when 
the disease was localized in the peripheral zone of the upper lobe 
with considerable fibrous tissue infiltration about the diseased area, 
the pulmonary artery within the fibrotic areas becomes sclerosed 
and Its lumen almost obliterated, while the pulmonary artery 
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outside the fibrotic zone remains practically normal in caliber. 
In some cases there is actual dilatation of the artery suggesting an 
attempt on the part of the heart to force blood into the artery 
encased within the fibrotic zone. When the disease is acute with 
widespread consolidation, the artery is universally narrowed 
throughout the entire consolidated area. Widespread thrombosis 
in such an artery is often encountered when studied histologically. 
Regardless of the type of the vascular change, the important point 
is that in pulmonary tuberculosis, it is the first branch of the 
pulmonary artery which is most frequently destroyed. 

The second reason that the first branch of the pulmonary artery 
is a frequent source of fatal hemorrhage is that tuberculous cavities 
begin, as a rule, in the apex of the upper lobe, and as they become 
larger, the peripheral ends of the first branch of the pulmonary 
artery become eroded. The arteriography showed that when a 
cavity is in the extreme apex of the upper lobe, its dimension not 
larger than an inch, and its lower border not as low as the second 
rib, onlj^ the second and third orders of this branch are eroded by 
the cavitation (Fig. 4). It is doubtful that when vessels of small 
caliber are eroded a fatal hemorrhage can ever occur. However, 
as the cavity increases in size, the time may come when it en- 
croaches at right angles upon the main trunk of the first branch of 
the pulmonary artery. At this stage a fatal hemorrhage becomes a 
definite possibility. 

Because the first main branch of the pulmonary artery was often 
involved in fatal hemoptysis, attempts were made to determine its 
topographic anatomy in relation to the usual chest roentgenogram. 
This study showed that this main branch comes off the main artery 
at about the second costal cartilage, slightly medial to the para- 
sternal line. In all our cases the cavity was large and extended 
down to the level of the second rib or second intercostal space close 
to the sternum. This fact may have a clinical significance in that 
any tuberculous cavity in this location may be regarded dangerous, 
particularly as a possible cause of fatal hemorrhage. 

In all the cases the tuberculosis was chronic in form. We have 
not seen a case of fatal hemoptysis in acute tuberculous pneumonia. 
The reason for this is easy to understand. The arteriograms made 
on the cases of tuberculous pneumonia showed very little erosion 
of the pulmonary vascular tree. When the cavities form, they are, 
as a rule, small and are located in the periphery of the lungs, where 
only the smaller branches of the pulmonary artery are involved. 

In regard to the pathogenesis of arterial rupture in pulmonary 
tuberculosis there appears to be much controversy. Auerbach^ 
reviewed this question. Some of the observations eoncerning the 
mechanism of arterial rupture in pulmonary tuberculosis are as 
follows; Invasion of the adventitia and media of the pulmonary 
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artery by granulation tissue leaving the intima and the white blood 
clot” within the lumen as the only wall separating the vessels from 
the cavity (Meyer*), hyaline degeneration of the blood-vessels due 
to nutritional disturbances resulting in tissue necrosis (Eppinger ), 
gradual erosion of the blood-vessel by tubercle bacilli (Letulle^), 
gradual dilatation of the blood-vessel due to the destruction of the 
elastic tissue (Bogen^), and active destruction of the blood-vessels 
by the tuberculous process (Jaffe®). 

The incidence of fatal hemoptysis in pulmonary tuberculosis is 
reported variously as 1% (Wolff®), 4% (Auerbach^) and 6.8% (Fish- 
berg®). The 12 out of 246 cases we studied makes the incidence in 
our series 5%. It is possible this incidence may be reduced if 
tuberculous cavities occurring in the region of the first branch of 
the pulmonary artery are collapsed. The cavity walls will then be 
approximated, thus providing protection to the eroded ends of the 
pulmonary artery. Furthermore, vascular sclerosis seems to occur 
more frequently in a tuberculous lung, when it is under collapse.® 
Such sclerosis, if brought about, may aid in preventing aneurysmal 
dilatation and subsequent rupture of the diseased artery, thereby 
preventing fatal hemoptysis. 

Summary and Conclusions. 1. Twelve cases of fatal hemoptysis 
in pulmonary tuberculosis were studied clinically, pathologically 
and by postmortem pulmonary arteriography. 

2. In every case the tuberculosis was chronic with considerable 
fibrosis. 

3. The incidence of fatal hemoptysis in our series was 5%. 

4. The method of performing postmortem pulmonary arteriog- 
raphy is described in detail. 

5. Of the 12 cases, the ruptured pulmonary artery was found in 
10. In 8 the ruptured vessel was the first main branch of the 
pulrnonary^ artery, which lies at the level of the second costal 
cartilage slightly medial to the parasternal line, 

_ 6. A cavity reaching the second costal cartilage may be con- 
sidered dangerous as far as possible erosion of the first main branch ’ 
is concerned. Henee it may be well to consider collapsing such a 
cavity with a view to reducing the incidence of fatal hemorrhage. 

The authors are greatly indebted to Dr. Joseph Walsh for his suggestions and per- 
Enission to use the necropsy material of the White Haven Sanatorium. The members 
of the Medical Staff of the Sanatorium were kind in giving us clinical data 
on these cases. 
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pnoFESSon of biophysics and directou of the division of radiation therapy, 

P. H. Hallock, M.D., 
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(From the Departments of Radiology and Medicine, University of Minnesota 

Hospital.) 

Irradiation therapy has had various methods of application in 
the treatment of polycythemia vera. Harrop and Wintrobe- have 
provided an excellent review of this topic. 

Within recent years, Morris® and Hitzenberger® have advanced 
the interesting hypothesis that in polycythemia Amra the over- 
production of erythrocytes is due to an excessive elaboration of the 
anti-pernicious anemia principle (intrinsic factor of Castle), a con- 
dition which finds its antithesis in pernicious anemia in which the 
formation of this hemopoietic factor is inhibited. Singer^ carried 
the hypothesis a step further by performing a gastrectomy on a 
patient with polycythemia who Avas also suffering from a duodenal 
ulcer. One year following the operation the patient’s erythrocyte 
count was 4.6 million. 

Hitzenberger® in 1934 in an attempt to reduce the hypothetical 
excess of intrinsic factor irradiated the stomach of 2 of his patients 
with the result that temporary benefit aa'Us obtained. In one case 
the hemoglobin fell from 140% to 100% and red blood count from 
8.9 million to 5.6 million per c.mm. In the second case the hemo- 
globin Avas reduced from 128% to 110%, and the red blood count 
from 9.5 to 7 million. HoAA'ever, the duration of the remission 
persisted only for a fcAv months. He Avas inclined to feel that the 
Roentgen raj'^ doses were too small. A different technique Avas 
employed in one case by Andersen, Geill, and Samuelson^ in 1938. 
They confined the irradiation to the pylorus and upper duodenal 
region, since Meulengracht’s® studies suggested that the pyloric 
and Brunner’s glands Avere the site of elaboration of the intrinsic 
factor. With repeated treatments over a period of 4 months the 
red blood count gradually fell from 134% to 100% (Sahli). The 
color index increased from 0.61 to 1.20. The red blood cells declined 
in number from 11 million to 4.1 million per c.mm., and the mean 
red cell diameter increased from 7.29 to 7.81. Following the course 
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of treatment the patient showed clinical improvement and the red 

color of the face and hands diminished. 

In view of the satisfactory results reported by Andersen and his 
co-workers, we undertook to repeat their experiments both from the 
viewpoint of treatment and to obtain further evidence for or against 
the hypothesis that polycythemia vera may be due to an excess of 
the hematopoietic factor. 

Methods of Study. Four cases of polycythemia vera were studied. 
They were all classical cases. There were 3 males and 1 female. Blood 
studies were carried out just prior to, during, and for varying periods after 
the completion of the Roentgen treatments. The hemoglobin determina- 
tions were made with a Sheard and Sanford photelometer,* The erythro- 
cyte counts were made in the routine manner. The hematocrit values were 
estimated with Wintrobe hematocrit tubes. The Congo _ Red method 
described by Keith, Rowntree and Geraghty* was employed in the evalua- 
tion of the plasma and total blood volumes. 

In this study we have followed the Roentgen ray technique outlined by 
Andersen, GeiU, and Samuelson.^ Their method is as follows; The patient 
drinks a small portion of contrast media and is immediately placed in a 
recumbent position on a fluoroscopic table. In a few minutes the pyloric 
region is \dsualized on the fluoroscopic screen. A metal ring 9 cm. in diame- 
ter is placed on the abdomen in such a position that the pylorus and a part 
of the descending duodenum is seen, in the center. A circle is then drawn 
with indelible pencil on the skin around the metal ring. This field is later 
irradiated while the patient is placed in exactly the same position as during 
the fluoroscopic examination. Their therapy factors were: 150 kv., 6 ma.,' 
0.5 mm. copper filter, 40 cm. focus-skin distance. We outlined the field 
in the same manner but used more penetrating radiation. The technique 
was varied to a slight extent as noted in the following, and the time distribu- 
tion had to be modified somewhat to suit the patient. These variations 
should certainly not reduce the effectiveness of the radiation. Two hundred 
and 220 ki'-. were used with filters of 0.5 and 1 mm. copper. The half value 
layer amounted to 0.9 and 1.7 mm. copper respectively. The current was 
30 and 15 milliamperes. At first 70 cm. focus-skin distance was used and 
a circular field which was increased from 9 cm. diameter to 10 cm. when no 
response was noted after the first few treatments. In all the treatments 
given after April 6, 1939, a 10 by 10 cm. square cone was used with .slight 
compression and the focal distance was then 50 cm. A few treatments 
were also given from a posterior field. 200 r as measured in air was applied 
each time. The dates of the treatments as well as the figures obtained from 
the blood examinations are recorded in Tables 1 to 4. ’Wlien the treat- 
ments were discontinued after about 3 months, the total number of Roent- 
pns given amounted to 2400 r to each of 2 patients, 2200 r to 1, and 2800 r 
^ ^ patient. Andersen, GeiU and Samuelson applied a total of 

2600 r m about 4 months. 

Results. From the analysis of the data in Tables 1 to 4 it is 
yparent that Boentgen therapy applied to the pylorus and duo- 
deni^ was of no benefit to the polycythemia. In no instance was 
the blood volume appreciably reduced. (In Case 4, blood volume 
studies could not bepapied out because of the poor condition of the 
patient s veins.) Similarly, no reduction in the hematocrit values 

Central Scientific Company, Chicago, Illinois. 
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were obtained, variations were noted from time to time in 

the erythrocyte counts and hemoglobin concentrations, no material 
reductions occurred during the course of, nor for an adequate period 
following the irradiation. 

In our opinion the ineffectiveness of the treatment was not due 
to improper nor to inadequate application of Roentgen therapy 
inasmuch as we followed the technique of Andersen and his col- 
leagues fairly closely. Moreover, we used more penetrating rays, 
a greater focus-skin distance, and therefore a considerably higher 
depth dose. The failure to obtain any therapeutic response prompted 


Table 1. — Cabe 1, L. R., d’ 29. 




Hemoglo- 



Blood volume (in liters). 



bin in % 

Erythrocytes 

Hemato- 


— ^ 



(17 gm. 

(Mill, per 

crit 

Plasma 

Total 

Date. 

Roentgen units. 

yiOQ cc. = 
100%). 

c.mm.). 

%. 

vol. 

vol. 


Anterior 





1939 

exposure 






2-11 

200 

146 

8.9 

86 

1.45 

10.32 

2-14 

200 






2-16 

200 

ISO 

S.16 

So 



2-18 

200 






3-18 

200 

130 

8.32 




3-20 

200 



74 

2.61 

10.82 

3-23 

200 

Posterior 

exposure 






5-11 

200 

110 

11.45 

78 



5-13 

200 






5-15 

200 



76 

2.7 

10,53 

5-17 

200 






Total 

2200 






S-11 


130 

9.3 

S3 

1.8 

10.6 



Table 2. — Case 2, J. S., 

, d’ 48. 





Hemoglo- 







bin in % 



Blood volume (in liters). 



(17 gm. 

Erythrocytes 

Hemato- 





/lOO cc. = 

(Mill, per 

crit 

Plasma 

Total 

Date. 

Roentgen units. 

100%). 

c.mm.). 

%. 

vol. 

vol. 


Anterior 






1939 

exposure 






2-18 

200 

129 

5.5 

73 

2.77 

10.77 

2-20 

200 






2-22 

200 






2-24 

200 

126 

6.23 

75 

2.88 

10.69 

4-1 

200 






4-3 

200 

128 

7.75 

72.5 



4-5 

200 

134 

7.14 




5-3 

200 

135 

7.0 




5-5 

200 






5-8 

200 

133 

6.0 





Posterior 







exposure 






5-10 

200 






5-12 

200 






Total 

2400 






6-2 


125 

8.0 

76 



6-23 




75 

2.74 

10.53 
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US to discontinue the treatment after about 3 months. While the 
evidence obtained in the present study does not lend support to the 
concept that polycythemia vera is the antithesis of pernicious 


Table 3. — Case 3, R . H ., c? 30. 




Hemoglo- 
bin in % 



Blood volume (in liters). 



(17 gm. 

Erythrocytes Hemato- 



/lOO 00. = 

(Mill, per 

crit 

Plasma Total 

Date. 

Roentgen units. 

100%). 

c.mm.). 

%• 

vol. vol. 


Anterior 





1939 

exposure 





4-20 

200 

130 

9.7 

77.4 


4-21 

200 





4 r -24 

200 





4-26 

200 

130 


77.4 


5-24 

200 




2.4 10.75 

5-26 

200 

131 

10.0 

77.4 


6-14 

200 





6-16 

200 

Posterior 

exposure 

123 

9.3 

73.0 


6-19 

200 





6-21 

200 

Anterior 

exposure 

144 


76.3 


7-18 

200 • 

140 

9.5 

75.0 


7-20 

200 





7-25 

200 





7-27 

200 





8-17 


127 

10.0 

77.0 

3.4 12.3 

Total 

2800 




• 

8-31 




79.0 



Date. 


1939 

3-6 

3-9 

3-11 

3- 13 

4- 6 
4-8 
4-10 

4- 12 

5- 10 


5-12 


5-15 


5-17 



Total 

7-22 


2400 


120 


8.5 


72. 
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anemia, it is nevertheless recognized that no definite conclusions 
can be drawn, since it is possible that Roentgen ray even in heavy 
dosage may not interfere with the production of intrinsic factor. 

Conclusions. 1. Roentgen therapy applied to the pylorus and 
duodenum in 4 patients having polycythemia vera failed to induce 
any remissions in the blood picture. 

2. Roentgen therapy directed to the pylorus and duodenum 
appears to be of no therapeutic value in the treatment of polycythe- 
mia vera. The present study fails to confirm the observations of 
Andersen, Geill, and Samuelson. 
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THE USE OF INTRAVENOUS SODIUM CHLORIDE IN 
PYROTHERAPY. 

By Eric E. Ro-senberg, M.D., 

AND 

Norman N. Epstein, M.D., 

SAN FRANCISCO, CALIF. 

(From the Divisions of Dermatology and Medicine, University of California 

Medical School.) 

Reactions to artificial fever therapy have been greatly reduced 
during the past decade. This has been due to improved methods 
of inducing fever and to an increased knowledge of the physiologic 
changes that occur during exposure to excessive heat therapy. A 
better understanding of the indications for and contraindications 
to this type of therapy has also contributed toward the lessening 
of untoward reactions. 

Various types of reactions have been reported such as nausea, 
vomiting, hematemesis, herpes simplex, weakness, debility, delirium, 
shock, hyperpyrexia, tetany and occasionally death.'^'‘‘‘'“^'-^ The 
causes of these reactions have not always been determined, due to 
incomplete information concerning the physical and chemical 
changes that occur in patients subjected to artificial fever. 

Administration of Sodium Chloride During Artificial Fever Therapy. 
Sodium chloride has long been known to exert a beneficial influence 
on the human organism exposed to excessive heat. Salt is now used 
in foundries, industrial plants and construction projects operating 
under conditions of extreme heat. Salt is also given to patients 
who are being treated by fever. It is usually administered by mouth 
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during the period of exposure to heat or fever, and in some instances 

also preceding and following it. ^ . . .-c • i 

Increased or excessive perspiration occurring during^ artiiicial 
fever leads to a more or less pronounced loss of the sodium chlo- 
j.ide. 6 .i 6 .n, 2 c In order to make Up for this loss, salt must be admin- 
istered. If correctly timed, the introduction of salt may prevent 
further excessive perspiration and critical loss of sodium chloride. 
One of the most important physiologic actions of sodium chloride 
in fever is its tendency to cause hydremia^^'^® and to effect a favor- 
able shift in water balance. We do not wish to enter here into a 
detailed discussion of sodium chloride metabolism. Suffice it to 
mention that salt has many complex relations to water exchange, 
osmotic equilibrium and body chemistry.2>4'^5,2i 
Salt is usuallj'’ administered in a 0.3 to 3% solution. The use of 
salt in capsules and tablets or in the form of foods high in content 
of sodium chloride has also been reported. The literature attests 
to the beneficial subjective and objectir^e effects observed. In- 
creased tolerance to heat and decreased weakness and debility 
have been reported most frequently A type of heat exhaus- 
tion known as stokers’ cramps has been studied and seems to be 
due to excessive chloride loss.®* It was shown that the incidence 
of sunstroke among laborers exposed to high temperatures during 
the building of Boulder Dam could be materially lessened by the 
administration of sodium chloride. 

Nausea and Vomiting During Artificial Fever. During the past 
5 years we have treated more than 500 patients with artificial 
fever, using the blanket method. Therapeutic results have been 
satisfactory and there have been few serious reactions. 

Despite the oral administration of various concentrations of salt 
solutions, nausea and vomiting were observed in 60% of our patients. 
Patients undergoing pyrotherapy are not permitted to have break- 
fast, as this predisposes to vomiting. Since they do not eat lunch 
during the treatment, prolonged vomiting becomes of serious 
import. Not only is this reaction undesirable because of subjective 
discomfort, but patients who can otherwise be ambulatory lose one 
to several days of work, thus causing financial loss and necessitating 
rearrangement of working hours. 

In reading over the literature, we have been unable to find men- 
tion of remedies effective in preventing this nausea and vomiting. 
Of the few procedures suggested, none seemed to be rational and 
none had been tried under exact clinical conditions permitting 
evaluation. 

Effects of Various Methods of Administration of Salt. The fol- 
lowing methods of administration of sodium chloride were studied: 

bociwm chloride hy monih in tablet or capsule form preceding, 
(hiring a,ul between pyrotherapy treatments: This method of admini.s- 
ering salt was found to be unsatisfactory because salt in this 
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concentrated form, even though enteric coated tablets were used, 
may lead to gastric and intestinal irritation resulting in nausea, 
^mmiting and diarrhead The rapid excretion of salt by the kidneys 
made it doubtful that salt may be stored by preliminary adminis- 
tration.-® Further, many ambulatory patients did not take the 
salt at the regular intervals of time prescribed. 

Salt solutions hy mouth during pyrotheTapy: Salt solutions by 
mouth are not entirely satisfactory because of their disagreeable 
taste. Many patients are so drowsy or confused that they refuse 
to take sufficient fluids. Furthermore, the solution may be irritat- 
ing to the gastric mucosa. There is evidence that the absorption 
of salt solution from the' intestinal tract may be retarded and 
impaired. This was observed by Hartman and Major who used 
dogs in their experiments.^® Vomiting and insufficient fluid intake 
during treatment may result. 

Intravenous physiologic salt solutio7i during pyroilierapy: With 
the concentration used (0.9%), it would be necessary to give 3000 
to 4000 cc. of the solution in order to administer sufficient salt to 
make up the loss from the body. At times this may be technically 
impossible in uncooperative patients. Intravenous infusion of such 
a large amount of fluid would require 3 to 4 hours of time. The 
possibility of overburdening the heart and of resultant .pulmonary 
edema should be considered. 

Stibcutaneous physiologic salt solution: This method is painful 
and slow. We hai^e observed large areas of painful induration and 
persistent edema at the site of injection resulting from this pro- 
cedure. 

Intravenous Hypertonic Salt Solution. It was believed that the- 
drawbacks to the methods of administration mentioned above 
might be largely overcome by the use of intravenous hypertonic 
sodium chloride solution. Five hundred centimeters of 5% salt solu- 
tion were administered immediately preceding the induction of 
artificial fever, and an attempt was made to evaluate this procedure. 
This dose of salt was decided upon as the average loss of sodium 
chloride during pyrotherapy is approximatelj'^ 25 

Such concentrations of salt have been known to cause diuresis,®® 
which would be obviously undesirable because of resultant dehydra- 
tion. However, according to Baldes,^ the beginning of diuresis 
from such solutions is somewhat delayed. We assumed that this 
delay would be long enough to prevent diuresis because the rise in 
body temperature would cause a shift of water excretion from the 
kidneys to the sweat glands. This was apparently confirmed by 
the fact that we did not observe any diuretic effect in our patients. 

It has been stated that excessive doses of salt may cause distur- 
bances in heat regulation, with dangerous secondary effects. How- 
ever, with the relatively small dosage used in our patients, no effect 
of this kind was observed. 
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It has been shown that such amounts of salt solution, if properly 
prepared without bacterial contamination, do not cause rises m 
temperature.^ Administration at the rate of 500 cc. ot o% 
solution per hour is considered safe. 

Methods of Investigation. In a preliminary study it was found that 
nausea and vomiting occurred in approximately the same percentage o 
patients (about 60%) when plain water was given as when saline solution 
was administered orally. It was therefore decided to compare the effects 
of plain water given by mouth to the results obtained when an intraven- 
ous infusion of 500 cc. of 5% saline solution as well as water was given 
immediately preceding pyrotherapy. , . , j v 

Patients suffering from general paresis, taboparesis, tabes dorsalis, 
meningovascular sypliilis and various complications of gonorrhea were 
treated by artificial fever therapy with the blanket method.* ^ 

The axillary temperature of patients with syphihs is raised to 39,5 C. 
(103.1° F.) during the first treatment, to 40° C. (104° F.) during the 
second, and to 40.5° C. (104.8° F.) during the third and all consecutive 
treatments. The temperature of patients with gonorrheal complications 
is raised to 39.5° C. during the first treatment, to 40.5° C. during the second, 
and 41° C. (105.8° F.) during all following treatments. 

The temperature of patients with syphilis or gonorrhea is maintained at 
the maximum desired height for 5 hours. Treatment is given with the 
patient in a fasting state or foUovdng a light breakfast consisting only of 
coffee and two slices of toast. Two hours after treatment, the patient is 
allowed to eat a light dinner. Fruit juices a,re usually withheld for 24 hours 
since they have a tendency to cause vomiting. 

A full course of pyrotherapy consists of 10 treatments for patients with 
syphilis and 8 of those with gonorrhea. However, several of our patients 
for personal reasons or because of intolerance to the treatments were unable 
to receive the full course. The patients were aU ambulatory and were 
hospitalized for only 24 hours for each treatment. 

Intake, including intravenous infusion, and urine output and vomitus, 
Avere measured and the amounts were tabulated for each treatment. The 
frequency and duration of nausea and the incidence of vomiting were 
recorded. Between treatments the patients were questioned as to their 
subjective reactions such as discomfort from heat, feeling of weakness, 
debility, and so on. AU reactions occurring during treatment, and espe- 
cially those necessitating tennination of treatment before the end of the 
5-hour period, were recorded. Each patient was weighed without clothes 
immediately preceding treatment, and again 24 hours later just before 
discharge from the hospital. 

The blood pressure was measured before and after treatment and before 
discharge by the usual auscultatory method with the mercury sphygmo- 
manometer. 


Of the 23_ patients studied, 3 were excluded from the comparative series 
because their nausea and vomiting was caused by morphine sulphate given 
routinely for sedation. This left a total of 20 patients for comparative study. 

j . ^^9 P 3 Totherapy treatments were given. The patients 

recen'ed 500 cc. of 5% intravenous saUne solution at room temperature for 
each of the first 4 or 5 treatments. They were allowed to drink plain tap- 

fluid intake was not 

pemiitted to exceed 1000 cc. per hour. In the remaining treatments of 

^ ^^.P^^^mg on the total nuinber, the admin- 

natfe,^?? solution was omitted. During these treatments also the 

FnSrfTooot pe? tour! 
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Results. Of tlie total 150 fever treatments, 60 treatments were 
accompanied only by tap-water given by mouth. Ninety treat- 
ments were accompanied by the preliminary administration of 
500 cc. of 5% saline intravenously and tap-water by mouth. 

This difference in number of treatments is explained by the fact 
that the patient was sometimes unable to take a full course of 
treatments. 

The results were as follows: 

(a) Nmtsea and Vomiting. Of a total of 60 treatments wdthout 
the giving of saline solution, 36 (60%) were accompanied by nausea 
and vomiting. Vomiting occurred 114 times during these 36 treat- 
ments, or an average of 3.16 times per treatment. 

Of a total of 90 treatments, preceded by intravenous saline solution, 
22 (24.5%) were accompanied by nausea and vomiting. Vomiting 
occurred 56 times during these 22 treatments, or an average of 2.55 
times per treatment. 

In order to study the degree of severity of nausea, description of 
this reaction was specified as: 

Mild nausea: duration not exceeding 15 minutes. 

Moderate nausea; duration not exceeding 2 hours. 

Severe nausea: longer duration (usually 24 hours or longer). 

This last type of nausea was exhausting, and prevented the 
patient from taking anything by mouth. 

Table 1.— Nausea Afteb Administration or Water and Intravenous Saline. 



Water Riven 

Saline given 


by mouth. 

intravenously. 

Slight nausea: 

No. of treatments .... 

24 

19 

Per cent 

65 

85 

Moderate nausea : 

No. of treatments . . . . 

2 

2 

Per cent 

7 

10 

Severe nausea; 

No. of treatments .... 

10 

1 

Per cent 

28 

0 

Total treatments 

36 

22 


This shows that severe nausea occurred almost 6 times as fre- 
quently when the administration of saline solution was omitted. 
In several cases the administration of saline solution entirely pre- 
^^ented nausea and vomiting. In no case did it increase these 
symptoms. 

The objection might be raised that nausea and vomiting occurred 
less frequently in the saline experiment because the saline solution 
was given during the first two treatments when the temperature 
was lower than maximal. However, it was found that nausea and 
■\mmiting occurred twice as frequently during the first two treat- 
ments as in the following three treatments in which maximal 
temperatures were attained. This conformed with previous ob- 
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servations, showing that the incidence of nausea and vomiting in 
general was highest for the first two treatments and did not increase, 
but rather decreased, toward the end of the course of pyrotherapJ^ 

(6) Make and Outqnit. When saline solution was administered, 
the total average fluid intake was 3700 cc. per 24 hours,^ and the 
total average fluid output was 620 cc. per 24 hours. Fluid intake 
fluctuated between a maximum of 5700 cc. and a minimum of 
1650 cc. Fluid output fluctuated between a maximum of 2700 cc. 
and a minimum of 400 cc. except in 1 case in which there was no 
urinary output at all for 24 hours. 

Wlien water alone was given, the total average fluid intake was 
2700 cc. per 24 hours and the total average fluid output 880 cc. per 
24 hours. Fluid intake fluctuated between a maximum of 5300 cc. 
and a minimum of 600 cc. per 24 hours. Fluid output fluctuated 
between a maximum of 2200 and a minimum of 150 cc, except in 
the case of 1 patient who had no urinary output for 24 hours. 

(c) Infl^ience on Weight. With Salt: Following 25 of the 90 saline 
treatments there was a gain in weight. The average gain was 
700 gm. The maximum gain for a single individual was 1900 gm. 
Following 2 treatments there was no change in weight. Following 
63 treatments there was a loss in weight, the average loss being of 
1000 gm. The maximum loss for a single individual was 3600 gm. 

Without Salt: Following 60 treatments when water only 'was 
given, there was only one gain in weight (300 gm.) ; following 3 treat- 
ments there was no change; following 56 treatments there was loss 
in weight with an average loss of 3000 gm. The maximum loss for 
a single individual was 5200 gm. 

(d) Saline solution improved subjective tolerance to heat in 
many instances. Many patients were less restless following its 
administration, and there was a definite decrease in the incidence 
of post-therapeutic weakness and debility. Inability to tolerate 
treatment for the full 5-hour period and discontinuance of treat- 
ment because of anxiety states, delirium and dangerous increase in 
pulse rate occurred more frequently when saline solution was 
omitted. 

(c) There was no significant effect of saline solution intrai^en- 
ously on the blood pressure. In general, there was a tendency for 
the blood pressure to fall after artificial fever treatments. 

Untoward Reactions. Four venous thromboses occurred following 
intravenous 5% salt solution that were localized to the site of injec- 
tion. In 2 cases this lyas due to faulty inti’avenous technique with 
leakage of saline solution into the subcutaneous tissue. No other 
untoward effects were observed in this series of 20 patients. How- 

series we have used saline solution in 
about 30 additional patients and on 2 occasions have observed 
slight chills following its administration. These chills were accom- 
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panied by slight rises in temperature which shortened the time 
required to raise the patient’s temperature to the desired maximal 
point. We are unable to say definitely whether these chills were 
caused by faulty preparation of the solution used or whether they 
were caused by the salt itself. 

Contraindications. We did not observe any undue fluctuation in 
blood pressure following the administration of hypertonic saline 
solution. Nevertheless, we do not advise its use in patients with 
advanced cardio-reno-A'ascular disease and marked hj'pertension, 
and so on. 

Summary and Conclusions. 1. The intravenous use of hypertonic 
saline solution (5%) immediately preceding artificial fever therapy 
is advocated. 

2. This procedure was found to be of considerable value in 
reducing the incidence, frequency and severity of nausea and 
vomiting. It was also effective in reducing the incidence and 
severity of reactions of intolerance to heat and post-therapeutic 
debility. 

3. The administration of salt by this method is simple and rapid. 
It is accompanied by very few untoward reactions and little or no 
discomfort. 

4. The intravenous administration of hypertonic saline solution 
preceding pyrotherapy has a marked tendency to increase fluid 
intake and to diminish fluid output. As evidenced by changes in 
weight, there is a tendency toward retention of fluid. This reten- 
tion seems to alleviate or prevent certain undesirable reactions that 
are seen in artificial fever therapy. The therapeutic effect is prob- 
ably explained chiefly by the osmotic action of the sodium chloride. 
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REGULATION OF CIRCULATION IN THE SKIN AND MUSCLES 
OF THE LOWER EXTREMITIES.* 
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ment of the Mount Sinai Hospital.) 


The investigations that we have carried on during the past 
.3 years^’2 have shown that the regulation of the circulation in the 
skin differs from that in the muscles of the lower extremities. In a 
previous publication, we stated that lumbar sympathetic paralysis 
increases the circulation to the skin of the lower extremities, but 
does not increase the circulation to the calf muscles. Subsequently, 
Grant® came to a similar conclusion in regard to the muscles of the 
upper extremities utilizing the plethysmographic method. In this 
paper, more detailed data are presented and new experiments on the 
effects of typhoid vaccine are reported. We have continued to use 
direct temperature measurements, as this method appears to us to 
be the best available for the separate and simultaneous study of 
circulatory changes occurring in the skin and muscles of the extremi- 
ties of the living human subject. 

Seven methods of influencing the circulation were employed in 
this study. They consisted of : a, Lumbar paravertebral injections 
of alcohol; b, spinal anesthesia; c, intravenous injections of hyper- 
tonic sodium chloride solution; d, intravenous injections of physio- 
logic sodium chloride solution; e, intravenous injections of adrenalin; 
/, immersion of forearms in hot water; g, intravenous injections of 
typhoid vaccine. 


Procedure. Thermocouple needles, insulated along the shaft so that 
only the tips recorded temperature, were inserted into the calf muscles. 
Tile skin over the muscle area studied was first cocainized so as to avoid 
pain and apprehension due to insertion of the needles. Stabilization of 
temperature was obtained before any procedures were begun. Simulta- 
neous observations of the sldn surface temperatures of the great toes were 
taken nitli a skin surface thermocouple, and the rectal temperature was 
noted by means of a recording resistance rectal thermometer. All tem- 
StoSwUzation^^^'^^ 10-minute intervals for a period of 2^ to 5 hours 

selected for these studies from among the men coming 
or examination or treatment in the clinic for peripheral vascular disease. 

AstodaUom^ Council on Physical Therapy of the American Medical 
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Some of them had thrombo-angiitis obliterans, others arteriosclerotic 
peripheral vascular disease. A few patients showed impaired circulation 
in one extremity, but no evidence of arterial involvement in the_ other leg. 
Since studies were made simultaneously in both lower extremities, such 
patients offered an opportunity to observe changes where the circulation 
was normal and where it was deficient. 

Group A. Ten patients were treated by paravertebral injections of 
alcohol in the lumbar region. The technique used was that described b}’' 
Labat.® Two needles, 12 cm. long, were inserted about 1 inch apart. 
From a point 7 cm. from the midlme the needles were directed obliquely 
so that they just passed the vertebral column. Novocaine (10 cc.) was 
then deposited through each needle along the course of the .lumbar s 3 Tn- 
pathetic trunk. If satisfactorj’- elevation of temperature in the foot 
resulted, 10 cc. of alcohol was injected without changing the position of 
the needles. 

TIME IN MINDTES 



Ghaut I. 

The initial temperature of the toes varied with the room temperature, 
being lower in a cold room and higher in a warm room. The elevation in 
skin temperature following paravertebral injections varied from 2° to 
10° F., depending upon the initial temperature of the toes. In most cases 
the muscle temperature dropped from 1° to 2° F. In 3 cases a rise of 
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0 5“ F. took place in the muscles. Table 1 suminarizes the data obtained 
by this procedure. A typical temperature chart is shown m Chart 1). 


Table 1.-Changes in Rectal, Calf Muscle and Toe Tempebatukes Follow- 
ing Lumbab Pabavebtebbal Injection of Alcohol. 


Name. 

Date. 

Side 

injected. 

Recta!. 

Left calf 
muscle. 

Right calf 
muscle. 

Left toe. 

Right toe. 

Before: 

After. 

Before.' 

After. 

Before. 

After. 

Before. 

After. 

Before. 

After. 

H. B. 

12/ 4/35 

Right 

98.8 

98.8 



95.0 

94.2 


.. 

71.8 

85.3 

M.P. 

5/ 8/37 

Right 

99.0 

99.0 

94.0 

93.0 

95.5 

96.0 

81.5 

78.8 

81.5 

85.1 

R.G. 

4/ 3/37 

Right 

98.4 

98.4 

96.2 

96.6 

95.8 

96.3 

86.0 

89.0 

,86.0 

84.4 

I. J. 

12/ 2/33 

Right 





95.5 

91.5 



82.6 

91.0 

H. L. 

12/ 2/36 

Left 

99.4 

99.4 

97.9 

98.4 

96.0 

95.0 

76.0 

86.0 

74.0 

77.0 

J. S. 

12/11/36 

Left 

98.4 

98.6 

96.7 

95.5 

97.4 

99.0 

77.0 

80.0 

79.0 

86.0 

A.F. 

n/20/37 

Left 

97.7 

97.3 

92.4 

91.2 

95.4 

86.0 

68.0 

71.0 

68.0 

66.0 

H. L. 

6/ 7/37 

Left 

99.4 

98.6 

94.7 

94.0 

95.4 

98.0 

80.0 

80.0 

82.0 

79.0 

H. h. 

7/15/37 

Left 

99.2 

99.2 

97.0 

95.3 

95.4 

94.5 

84.0 

86.0 

79.0 

81.0 

C.N. 

5/ 1/37 

Right 

99.3 

99.3 

94.4 

90.0 

95.2 

97.2 

82.0 

79.0 

78.0 

84.0 

Av. 

... 


98.8 

98.8 

95.5 

94.7 

95.7 

94.7 

78.8 

81.0 

78.2 

81.9 


Comvient. In these 10 cases, sympathetic paralysis produced by 
paravertebral injection of alcohol was followed by a sharp increase 
in the skin surface temperature and no corresponding elevation in 
the muscle temperature. Since all sympathetic fibers to the lower 
extremities might not be paralyzed by this type of injection, the 
experiments were repeated using spinal anesthesia. 

Ghotjp B. The usual technique for spinal anesthesia was employed. 
A lumbar puncture was done at the level of the fourth lumbar vertebra, 
120 mg. of novocaine crystals were dissolved in about 3 cc. of spinal 
fluid and reinjected. With this procedure all nerve fibers to the lower ex- 
tremities were paralyzed. The elevation of skin surface temperature varied 
from 5° to 16° F. The muscle temperature dropped from 1° to 1.5° F. 
and the rectal temperature dropped 0.5° to 2° F. Table 2 summarizes 
the data; Chart 2 shows a typical temperature chart. 


Comment. In this group of cases wdth complete nerve paralysis 
following spinal anesthesia, the skin surface temperature rose 
markedl}^ The calf muscle temperature dropped approximately 
1° F. The tests witli spinal anesthesia thus confirm those with 
paravertebral injections of novocaine and alcohol, and demonstrate 
that paralysis of the sjmipathetic fibers is not followed by any 
increase of circulation in the calf muscles. 


Group C. Since injections of h 3 '^pertomc sodium chloride solution have 
been emploj^ed for many years in the treatment of patients with peripheral 
vascular disease, the effects of such injections upon the skin and muscle 
tem^rature were studied. Following the intravenous injection of 300 cc. 
fu T solution, given rapidly, there was a marked increase 

rLeWhnnIp3'' mf- temperature. The rectal temperature 

^ i - showed an 

increa..e_m boih the skin surface and the calf muscle temperatures. Table 3 
summarizes the data; Chart 3 is a typical temperature curve. 
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. TIME IN MINUTES 
60 100 
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Chart 2. 


Table 2.- 


-Changes in Rectal, Calf Muscle and Toe Temperatures Follow 
iNG Spinal Anesthesia. 


Left calf Right calf » r, , t,- , , , 

muscle. muscle. 
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TIME IN MINUTES 
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Chart 3. 


Table 3.— Changes in Rectal, Calf Muscle and Toe Temperatures Follow- 
ing Intravenous Injection op 300 cc. of 5 % Sodium Chloride Solution. 


Name. 

Date. 

Rectal. 1 

Ijcft calf 
. muscle. 

Right calf 
muscle. 

Left toe. 

Right toe. 

Before. 



After. 

Before. 

After. 

Before. 

After, 

Before. 

After. 

H.B. . . 

S; 5/37 


9S.0 

96.0 

97.7 

94.2 

94.8 

88.5 

88.5 

82.2 

84.2 

K. G. . . 

9/30/37 


99.2 

96.0 

99.0 

96.0 

97.0 

77.0 

82.2 

75.0 

85.0 

R. G. . . 

10/ 7/37 

99.5 

99.5 

96.5 

98.7 

95.5 

97.2 

84.2 

^1 

82.4 

88.2 

I. J. . . . 

12/ 2/35 

KEO 

99.0 

91.5 

93.3 

90.0 

90.7 

86.0 

87.0 

84.0 

86.9 

R. L. . . 

9/28/36 

99.4 

99.4 

97.3 

99.0 

95.0 

97.7 

73.7 

81.3 

74.8 

82.2 

T. S. . . 

3/ 9/37 


99 0 

95.6 

96.7 

95.4 

96.2 

75.0 


76.0 

81.0 

A. S. . . 

mmm 

98.8 

99.0 

95.0 

96.3 

96.0 

97.8 

75.0 

Kilil 

68.0 

69.0 

S.S. . . . 

51 7/37 

98. 9 

98.9 

96.3 

96.8 

97.3 

98.8 

80,0 

85.6 

80.3 

87.0 

C. N. . . 

2/23/37 

99.4 

99.4 

96.0 

97.0 

96.5 

97.5 

77.0 

84.0 

74.0 

82.0 

J.S. . . . 


96.4 

96.4 

96.7 

97.4 

95.2 

96.0 

85.0 

86.0 

84.0 

86.0 

Average 


98.8 

98.8 

95.7 

97.2 

95.1 

96.4 

80.1 

84.2 

78.1 

83.1 
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Gbotjp D. For purposes of control and to determine if the injection of 
300 cc. of fluid might not in itself produce the changes noted in Group C, 
10 patients were given intravenous injections of 300 cc. of physiologic saline. 
There were no changes in skin surface, calf muscle or rectal temperatures. 
Table 4 is a summary of the findings. Chart 4 is a tj'pical temperature 
curve. 

TIME IN MINUTES 



Table 4.— Changes in Rectal, Calf Muscle and Toe Temperatures Follow- 
ing Intravenous Injection of 300 cc. of Physiologic Saline Solution. 


Name. 

Date. 

Rectal. 

Left calf 
muscle. 

Right calf 
muscle. 

Left toe. 

Right toe. 

Before. 

After. 

Before. 

After. 



Before. 

After. 



A. F.. . . 

2/11/37 

99,4 

99.4 

95.8 

95.6 

94.5 

94.5 

79.5 

Ilil 

75.0 

76.0 

R. G. . . 

2/20/36 

98.5 

98.5 

96.4 

97.1 

96.6 

96.9 

84.0 


S3.0 

84.0 

T. K. , . 

11/ 1/37 

99.8 

99.7 

96.8 

96.7 

97.8 

98.0 

77.0 

76.5 

77.5 

78.8 

H. L. . . 

5/26/37 

9S.S 

9S.S 

'95.1 

95.0 

93.2 

92.8 

83.8 

84.3 

88.3 

SS.5 

C. N. . . 

3/ 2/37 

9S.8 

98.8 

91.5 

94.5 

95,0 

95.5 

79.0 


SO.O 

80.4 

S. E. . . 

11/27/36 

99.4 

99.4 

9G,G 

96.8 

97.1 

97.5 

75.0 


81.0 

83.0 

T. S 

2/27/37 

99.0 

99.0 

90.0 

95.7 

93.9 

94.0 

77. S 

77.4 

76.6 

70.8 

A. S. . . 

10/25/37 

9S.S 

98.8 

95.2 

94.8 

90.0 

95.6 

68. 0 


68. 0 

68 0 

S. s. . . . 

5/17/37 

OS.S 

98.8 

95.9 

96.3 

97.3 

97,1 

85.0 

85.2 

84.7 

81.2 

w. w. . . 

7/20/36 

99.4 

99,4 

92.2 

92.2 



SO.O 

83.0 

83.0 

81.0 

Average 


99.0 

99.0 

95.4 

95.5 

95.7 

95.7 

78.9 

79.6 

79.7 

SO. 3 
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Ghot 7P E. Since paralysis of the sympathetic nerve fibers resulted in an 

« ^ . /. I X n r»<-vnT»oc?r\nrtni-ncp riftA in milRO.lP.. 



2 cc. of adrenalin chloride (1 to 1000) was diluted in 300 cc of physiologic 
saline and given intravenously, by the slow drop method. We found that 
while the skin surface temperature dropped approximately 6 h the call 
muscle temperature rose about 2° E. and the rectal temperature rose 
0.3° P. Table 5 summarizes the findings in this group ; Chart 5 is a typical 
temperature curve. 


TIME IN MINUTES 
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tions in the forearm muscles of individuals subjected to sympathetic 
ganglionectomy . The increased circulation in the muscles therefore 
cannot be attributed to sympathetic stimulation, but is due to some 
hormonal or chemical effect. It is important to note that opposite 
changes occur in skin and muscle at the same time, i. e., a decrease 
of circulation in the skin and an increase in the muscle. 


Table 5.— Changes in Rectal, Calf Muscle and Toe Temperatures Foli.ow- 
iNG Intravenous Injection of 2 cc. op 1 to 1000 Adrenalin in 
300 cc. OF Physiologic Saline Solution. 


Name. 

Date. 

Rectal. 

Left calf 
muscle. 

Uight calf 
muscle. 

Left toe. 

Right toe. 

Before. 

After. 


After. 



Before. 

After. 

Before, 

After. 

H. B. . . 

11/ 3/37 

98.3 

98 8 

96.8 

97 4 

95,0 

98.0 

S9.0 

85.1 

80.6 

75.2 

A. F.. . , 

10/ 9/37 

9S 8 

98.8 

94,0 

96.0 

94.7 

97,6 

76.0 

74.0 

75.0 

72.0 

A. F.. . . 

11/ 6/37 

98 0 

99,0 

93.5 

96,^ 

94.3 

98.0 

77.0 

75.2 

80.0 

70.1 

R, G. . , 

11/ 9/37 

98.6 

99.5 

96.3 

97.5 

96,0 

98.7 

90.0 

82,0 

87.8 

78.8 

H.L. . . 

11/ 3/37 

99,3 

99,5 

95.8 

97.0 

93,3 

94,7 

77.0 

75.0 

77,0 

74.0 

IS. . . . 

11/12/37 

97 0 

97.0 

96 0 

96.4 

94.8 

90.0 

87.8 

79.7 

84.2 

77.0 

V. T, . , 

um/37 

97.8 

98. 5 

97,0 

97.4 

97.2 

98.2 

87.8 

76.0 

86.9 

72.0 

H. L , . 

11/ 2/37 

97.4 

97.5 

94.8 

95.7 

96.8 

97,8 

87.8 

85.0 

87.8 

85.0 

Average 


98.2 

98.5 

95.5 

96.7 

95.2 

07.4 

84.0 

79.0 

82.5 

70.3 


Group F. The relationship between skin surface and calf muscle 
temperatures was further studied when the forearm was placed in hot 
water. For this purpose a water bath at 114° F. was used, and the fore- 
arm was kept immersed for 45 minutes or longer. A marked rise occurred 
in the skin surface temperature of the toes but was not accompanied by a 
similar change in the calf muscle temperature. The rectal temperature rose 
approximately 0.5° F. Table 6 summarizes the data; Chart 6 presents. a 
typical temperature curve. 

Comment. The mechanism by which hot arm baths affect the 
surface temperature of the toes has been studied by Pickering.^ 
He showed that the warmed blood returning from the upper extremi- 
ties affected the heat regulating center in the brain, and that secon- 
ary nervous impulses to the lower extremities resulted in vasodila- 
tation. Such nervous impulses are carried by the sympathetic 
nervous system. We have shown that the changes noted in the skin 
surface temperature of the toes following hot forearm baths were 
not accompanied by corresponding changes in the calf muscles. 

Group G. Fever was produced by the intravenous injection of typhoid 
vaccine in this group of patients. Initial injections contained 5,000,000 
typhoid bacilli. This amount was progressively increased until the sys- 
temic temperature was raised 2 or 3 ° F. In the maj ority the rise in systemic 
temperature occurred about an hour after the injection. The rise in body 
temperature was accompanied by a gradual fall in calf muscle temperature. 
These changes continued throughout the period studied and were unaltered 
by the occurrence of chills and tremors. The skin surface temperature rose 
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before the onset of the chill but dropped when the-chills occurred. It 
always rose above the initial level after the chills subsided. The data are 
summarized in Table 7; Charts 7 and 8 give typical temperature curves. 


TIME IN MINUTES 
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Table 


Left calf 
muscle. 


Right calf 
muscle. 


Left toe. 


Right toe. 


Before. After. 


Before. After. 


10 / 31/38 


10 / 10 / 3 S 

10 ;i 7 / 3 S 


Average 
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Table 7. — Changes in Rectal, Calf Muscle and Toe Temperatures Follow- 
ing Intravenous Injection op Typhoid Vaccine. 


N.ime. 

Bate. 

Eec/a!. 

Left caU 
muscle. 

Right calf 
muscle. 

Mt toe. 

Right foe. 

Before. 

After. 

Before. 

After. 



Before. 

After. 

Before. 

After. 

M. K. . . 

5/13/3S 

99.3 

||H 

94.5 

92.0 

92.3 

90.6 





A. Z. . . 

11/20/38 

98.4 

1 lUlRfl 

97.0 

93.8 

90.4 

93.4 

70.6 

73.0 

70.6 

73.3 

A. F.. . . 

3/ 4/3S 

99.2 

m f»n 

96.0 

93.7 

96.4 

95.6 

87.0 

85.0 

86.0 

87.2 

H. G. . . 

2/ 5/38 

98.4 

t iiiiH 

94.6 

92.0 

94.0 

91.6 

70.5 

73.9 

72.3 

73 4 

E. N. . . 

3/21/3S 

99.2 

1 AKS 

97.0 

95. C 

9.5.4 

93.6 

81.1 

87.4 

82.0 

87.8 

J. F. . . 

3/2S/38 

99.2 

B fiiiiil 

96.0 

94.0 

96.0 

94 2 

75.2 

85.0 

73.1 

75.8 

0. 1. . . 

5/10/38 

96.7 

98. 7 

94 7 

91.0 

94.2 

91.0 

73.4 

74.5 

72.5 

73.9 

LA.. . . 

2/ 0/38 

97.8 

100.0 

94.8 

91.4 

93.8 

91.2 

68.6 

77.2 

70.2 

75.2 

V. T. . . 

3/30/38 

9S.2 

H|»H 

96 8 

95.5 

96.0 

95.4 

81.3 

90.2 

83.1 

86.7 

W.R. . . 

5/16/38 

99.4 


95.7 

91.0 

95.7 

94.0 

95.4 

98.2 



Average 


9S.6 


05.7 

93.4 

95.0 

03.0 

70.4 

82.7 

70.4 

78.2 
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Discussion. Seven different methods were employed to alter the 
circulation in the lower extremities. In all but one of them, changes 
in the circulation occurred in the skin with opposite or no changes 
in the muscles. These observations indicate that the circulatory 
response to therapeutic procedures is not necessarily parallel in the 
superficial and deep structures. Since sjmipathetic paralysis fails 
to increase the circulation of the muscles, the use of ganglionectomy 
for the treatment of intermittent claudication has no physiologic 
basis. Of all the methods studied, the use of intravenous injections 
of hypertonic salt solution is unique in its ability to increase the 
circulation in both the skin and muscles. 
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The major problem in the treatment of patients with peripheral 
vascular disease is the relief of intermittent claudication. Practi- 
cally all patients with circulatory deficiency present this symptom 
and in more than one-half of them this is the only serious complaint. 
To relieve it, therapeutic procedures must be used that will increase 
the circulation in the muscles. On the other hand, when ulceration 
is present, a method of treatment which will increase the circulation 
of the skin is desirable. 

It is no longer justifiable to conclude that an evident increase 
in the circulation in the skin is accompanied by a similar increase 
in underlying muscles. In the future each method of treatment 
must be studied to determine to what extent it independently affects 
the circulation of the muscles and the skin. It will then be possible 
for the clinician to utilize that method which answers his specific 
needs. 

Conclusion. The circulation in the skin and muscles of the 
extremities is independently regulated. 

The blood flow in the muscles of the extremities is not directly 
controlled by the sympathetic nervous system. 

REFERENCES. 
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Berry, E. L.: Am. J. Physiol., 41, 513, 191G. (B.) Labat, G.: Textbook of Regional 
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RAT MORTALITY FOLLOWING SODIUM TUNGSTATE INJECTION. 

By F. W. Kinard, Ph.D., 

ASSOCIATE IN PHYSIOLOGY, 

AND 

John van de Erve, M.D., 

PROFESSOR OP PHYSIOLOGY, 

With the Technical Assistance op Dorothy Voigt 

CHARLESTON, SO. CAB. 

(From the Department of Physiology, Medical College of the State of South Carolina.) 

The most extensive study of this subject was reported by Bern- 
stein-Kohan.^ From 12 rats used (body weights varying between 
75 and 225 gm. with no mention made of age, sex, or diet), Bern- 
stein-Kohan concluded that subcutaneous injection of 540 mg. of 
sodium tungstate (equivalent to 338 mg. of W metal) per kg. body 
weight was the smallest dose producing death. 

In connection with another problem, it was necessary to examine 
critically tbe findings of Bernstein-Kohan. This led to a study of 
certain factors influencing the effects of subcutaneously injected 
sodium tungstate. 
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Experimental. The animals were chosen from the College colony 
of mixed Wistar albino and Minnesota piebald rats. Mixed litters 
were used with approximately equal numbers of each sex. ihe 

diet in each case was Purina dog chow. _ 

In order to obtain the body weight without the varying weight 
of intestinal ballast, the rats were in each case starved about 24 
hours before the injection. The sodium tungstate solution was of 
such concentration that 0.5 cc. was used for each 100 gm. body 

weight. , , 

Postprandial Effect. The influence of the digestive and metabolic 
processes upon the toxicity of the sodium tungstate was determined 
by dividing 54 rats of the same age into 2 groups of equal size. 
The animals were starved about 24 hours. The first group was 
weighed and each rat given its calculated dose, and then fed. The 
second group was weighed, and then fed. One to three hours later 
each animal was given the dose calculated from the body weight 
before eating. In the first group injected, there was a mortality of 
40.7%; in the latter group injected during active metabolism there 
was a mortality of 14.8%. 

Age Effect. Rats of the same age were grouped and starved 
about 24 hours. Each rat was weighed, injected with sodium tungs- 
tate (W equivalent of 150 mg. per kg. body weight), then fed. 
The mortality of each group is shown in Table 1. 


Table 1. — Effect of Age Upon Mortality. 


Age in days 

30 

44 

66 

170 • 

195 

365 

66 

180 

Mg. W per 
kg. body 
wt. 

150 

150 

150 

150 

150 

150 

120 

120 

No. of ani- 
mals 

21 

20 

39 

16 

19 

29 

24 

16 

% mortality 

0.0 

30.0 

59.0 

100.0 

89.5 

100.0 

8.3 

87.5 


Several additional groups are listed in which a dosage of 120 mg. 
per kg. was used. 

Sex. Upon checking through groups in which the mortality 
was 10 to 80%, the male deaths were slightly more numerous than 
those of the females, in the ratio of 15:13. 

Mortality Under Controlled Conditions. Based on the foregoing 
observations, rats of 66 days were starved about 24 hours, weighed, 
mjected, and then fed. The animals were observed for only 5 days 
following the injection. The results are found in Table 2 

Discussion. Tor rats, the minimum lethal dose of sodium tungs- 
tate, as given by Bernstein-Kohan, is too large. Using Baker’s 
special, ehemically-pum, sodium tungstate (Na 2 W 04 . 2 H 20 ), the 
median lethal dose (LD50) appears to lie between 223 to 255 mg 
sodium tungstate (140-160 mg. W equivalent) per kg. body weight. 
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These results were obtained in 66-day-oId rats under the special 
conditions mentioned below. 


Table 2. — Mortality in. the 66-day'-old Rat. 


Mg. W. per kg. 100 120 

body wt. 

140 

150 

160 

170 

200 

220 

250 

No. of animals 30 24 

33 

39 

32 

27 

20 

18 

4 

% mortality 0.0 8.3 

6.1 

59.0 

53.1 

63.0 

95.0 

100.0 

100.0 


If injected during the period of active metabolism following a 
meal, the rats succumbed to a lesser extent than when they were 
injected immediately following a 24-hour starvation period. From 
this study, it cannot be determined whether the effect is due to 
diminished absorption or to an altered response to the absorbed 
tungsten. This is being studied further. 

With increasing age there is an increased mortality (Table 1). 
This cannot be explained solely upon the basis of weight difference, 
for, within a group of definite age, in many instances, the lightest 
as well as the heaviest rats died, while those of medium weight 
survived. 

Summary. The median lethal dose (LD50) for 66-day-old 
rats, subcutaneously injected with sodium tungstate after a 24-hour 
starvation period, appears to lie between 223 to 255 mg. of sodium 
tungstate (equivalent to 140 to 160 mg. of W). 

It is pointed out that there is a definite age effect and that post- 
prandial conditions markedly influence results. 

REFERENCE. 
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ROTENONE IN THE TREATMENT OP SCABIES. 

A New, Nonodoeohs, Nonirritating Form of Treatment. 
Preliminary Report. 

By Carmen C. Thoma.s, M.D., 

INSTRUCTOR IN DERMATOLOGY AND BYPHILOLOGY, UNIVERSITY OF PENNSYLVANIA, 
SCHOOL OF medicine; instructor IN DERMATOLOGY, WOMAN’S MEDICAL 
COLLEGE OP PENNSYLVANIA, PHILADELPHIA, PA., 

AND 

Evelyn E. Miller, M.D., 

ASSISTANT RESIDENT PHYSICIAN, VINELAND STATE SCHOOL, VINELAND, N. J. 

(From the Department of Dermatology and Syphilology of the University of Penn- 
sylvania, School of Medicine, Dr. John H. Stokes, Director.) 

: The search for an effective, easily applicable, non-odorous and 
non-irritating scabeticide is practically as old as the disease itself. 
A number of remedies have stood the test of time, predominantly 
sulphur in various forms, pyrethrum, betanaphthol and liquid 
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monia. Eotenone was next used on 3 normal human volunteers. 
A non-oily, emollient, liquid vehicle was purposely selected, namely, 
a mucilage of quince seed and Irish moss. This has the triple 
purpose of: 1, serving as a vehicle for rotenone, without favoring 
its absorption by the presence of oil; 2, acting as an emollient to 
the irritation and dermatitis so often found in severe scabies; 3, 
eliminating the objectionable qualities of a greasy, messy form of 
treatment. The preparation was made up as follows: 

Rotenone was dissolved in chloroform in the proportion of 1 gm. 
to 3 cc. of solvent. This is added with vigorous shaking to the 
quince seed and Irish moss mucilage in the proportion desired to 
make either a 1 or 2% lotion. The mucilage contains 0.1% sodium 
benzoate as a preservative. If desired, a few drops of perfume may 
be added. 

The applications were tolerated well. There was a temporary 
cooling, slightly burning sensation from the chloroform contained. 
Within a few minutes after application the film of lotion dries, and 
one is then no longer conscious of its presence on the body. Careful 
observation revealed no subjective or objective ill-effects. Repeated 
urinalyses remained normal. 

Results in the Treatment of Scabies. We next proceeded to test 
the preparation on patients with scabies, prescribing its use accord- 
ing to the following directions: 

First night— Bathe with hot water and soap, soaking well and scrubbing all 
over with a stiff brush. Dry. Rub lotion in well over whole body, except 
face and scalp. Special attention to hands, armpits, waist, nipples and 
groins. 

Next morning— Rnb lotion in again, without bath. Wear same underwear. 

Next evening— Ruh lotion in a third time, without bath. 

Second morning— Rwh lotion in a fourth time, without bath. 

Following etienfnff— Bathe thoroughly. Put on fresh underwear, change all 
bedding, and send to the laundry. Do not apply any more of the medicine, 
without first returning to the clinic. 

The institutional patients were hospitalized during the course of 
treatment, which was administered by the nurse in charge under the 
supervision of one of us (E. E. M.). The diagnosis in all cases was 
made by the finding of tj’pical burrows.* 

It was soon found that immediate relief of itching was obtained even 
in severely irritated skins, that cure in cases with a light infestation 
was complete in 2 days, that of severe cases within a week of appli- 
cation. The preparation was tolerated by the most sensitive of 
skins, and was quite suitable for use in children (7 below the age 
of 10 in this series). The light infestations, such as were seen 
mostly in the dispensary, easily responded to the 1 % lotion, while 

* One ounce of the lotion is sufficient for a single application to the entire body 
of an average adult. On this basis the amount of rotenone applied in light infesta- 
tions is 1.2 gm.; in severe, 4.8 gm. The cost of rotenone crystals averages Sl.OO per 
ounce in small quantities, and may be obtained from John Powell & Co., 114 East 
32d St., New York City. 
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l„«a W- Bo-o- 


Initial. 

M.C. 
b.b. 

G. N. 

H. N. 
G.G. 
M- G- 
B.S. 

M- M- 
T^.n. 
B. Nl. 
H.P- 
R. A- 
B. 3- 


Ago- 
18 
17 
10 
11 
28 
27 
7 

25 
10 
40 
11 
35 
12 


Sex. 

R 
F 
M 
M 
M 
R 
R 
R 
R 
R 
R 
R 
R 


Severity 

+ + 

+ + 

+ 

+ 

+ 

+ + 

+ + + 

+ 

+ 

4- + 

+ + 
+ 

+ + + 


Duration. 

3 mos. 

4 inos. 

3 inos. 

3 mos. 

1 year 

1 year 
3 v;3c8. 

2 days 

3 days 
3 days 

10 days 
2 days 
2 wRs. 


Day of 
conip^* 

« xjo involu- 

% tion oi 

Bote- o . lesions. 

4th 

1 
1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 
2 




8 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


4th 
7th 
3d 
3d 
3d 
3d 
8th 
4th 
3d 
3d 
3d 
3d 
7th 


E. B- 
m.t. 


8 

69 


R 

R 


+ + + + 
+ + -V4' 


6 whs. 

3 wte- 


2 

2 


8 

8 


7th' 

7th 


B.S. 


8 


R 


+ -h 

+ + + + 


1 wk. 

2 whs. 


2 

2 


4 

8 


3d 

lOth 


g.r. 


8 


+ 4- 
4-4- 


1 wh. 

8 whs. 


2 

1 


4 

4 


3d 

4th 


M. A- 

e.r- 

b.h 

G. W 


4-4- 
4--h 

i; I i GS ss ■■ • ;:.,r«— “ 

rotenone m constituent o! detris 

» -£ssr-.’. “s- — "* 

root, lias been eftectit e j to that ot 

lany hand lotions \.h 


3 days 
1 year 
5 days 
5 whs. 


2 

2 

2 

2 

2 


4 

5 
8 
8 

6 


Cure 

Cure , 

iQot tollowed 
•Not followed 

Cure 

Cure 

Cure 

Cure 

Cure 

Cure 

Cure 

SSleoUo" 4 

later 

Stofectiou 4 whs. 
later 

SSleotioa 2 w^.' 

later 

Oure ^ wlcs. 

Reinfeotion 3 

later 
Cure 
Cure 
Cure 
Cure 
Cure 


3d 

3d 

8th 

7th 

4th 


many 


674 


PEPPER, horack: 


cure of scabies in 24 imselected cases encountered in clinic and 
institutional practice. At the time treatment was begun, 6 of these 
patients presented most severe secondarj'- pustular and dermatitic 
complications. 

3. The preparation is non-objectionable from the standpoint of 
odor, is non-irritating even to sensitive skins, does not stain bed- 
clothes and underwear, and the patient is not conscious of its 
presence on the body. 

4. Rotenone should be given a more e.xtended trial in the treat- 
ment of scabies as well as that of other dermatoses of parasitic 
origin (e. g., pediculosis, trombidiasis and so on). 
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CRYSTALLINE CONCRETIONS IN THE RENAL TUBULES 
FOLLOWING SULFATHIAZOLE THERAPY: WIDELY 
PATENT FORAMEN OVALE IN A PATIENT 
AGED 77. 

By D. Sergeant Pepper, M.D., 

INSTRUCTOR IN MEDICINE, 

AND 

Harold M. Horace, M.D., 

assistant instructor in pathology, university of PENNSYLVANIA MEDICAL SCHOOL, 

PHILADELPHIA, PA. 

Since the acceptance of sulfanilamide and its various derivatives 
as effective chemotherapeutic agents, reports have appeared in the 
literature describing undesirable and even fatal complications 
directly attributable to the use of these drugs. Outstanding among 
these reports are the references to renal complications associated 
with the administration of sulfapyridine. Recently sulfathiazole 
(2-Sulfanilamido-thiazole) was introduced for experimental use 
reputedly possessing almost equivalent therapeutic action, and 
being less toxic and less apt to cause the development of undesirable 
complications. To our knowledge the following case is the first to 
be reported in which more than transient renal complications have 
been observed following the administration of sulfathiazole. The 
case is of further interest because of the discovery at autopsy of a 
widely patent foramen ovale in a woman of 77. After a brief review 
of the literature this is the oldest case of this type of congenital 
cardiac defect on record. 
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Case Report. M. H., a 77-year-old ^yhite female, was admitted on 
Feb 6 1940, to the University Hospital with signs and symptoms oj bron- 
chopneumonia. Briefly, her history was that of a chrome cough productive 
of mucoid sputum of approximately 6 months duration and associated with 
slight dyspnea on exertion for 3 months prior to admission. was no 

history of palpitation, precordial pain or peripheral edema. Two weeks 
before admission her cough became worse, and she was referred to the hos- 
pital with a diagnosis of pneumonia, although there was no history oj cniJJs, 
fever, rusty sputum or pain in the chest. On' physical exaimnation ^le 
appeared to be an acutely iU old woman, temperature 102.6 F., pmse 100, 
respirations 36 and blood pressure 110/70. She was propped up m bed and 
hands and nail beds were slightly cyanotic. The chest was emphysematous 
with equal but limited expansion. Percussion was impaired over both 
lower lobes and on auscultation there were medium’ and coarse moist rales 
over the same areas with a small patch of bronchial breathing in the third 
interspace in the left anterior axillary line. The heart was not enlarged to • 
percussion and the apical impulse was palpable in the fourth interspace 
inside the mid -clavicular line. There were no shocks or thrills. A systolic 
bruit was audible at the apex which was not transmitted over the precor- 
dium. The pulse was full and regular, and there was marked peripheral 
sclerosis. The abdomen was soft, moderately distended and tympanitic. 
Peristalsis was hypoactive. No organs or masses were palpable. No periph- 
eral edema was present. 

Laboratory studies on adnnssion were as follows; Red blood cells, 4,800,- 
000; hemoglobin 70% and white blood cells 15,600 with 90% neutrophils. 
The urine had a. specific gravity of 1.028, was acid in reaction, there was a 
trace of albumin, and the sediment was negative. _ A bedside Roentgen ray 
showed density of the right lower lobe and the entire left chest. A Type III 
pneumococcus was recovered from the sputum. Blood culture was negative. 
Kolmer and Kahn tests were negative. 

Course in Hospital. A diagnosis of atypical pneumonia was made and 
sulfathiazole medication started on the day of admission. Three grams were 
given as the initial dose and the same dose repeated in 4 hours followed by 
1 gm. every fourth hour. Digitalis was given in moderate dosage. The 
patient developed severe and continuous nausea and vomiting which lasted 
until the sulfathiazole medication was discontinued, at the end of the fourth 
day._ An attempt to combat dehydration was made with daily parenteral 
administration of solutions of glucose and physiologic saline. In spite of a 
soinewhat lowered temperature and pulse on the fourth day the patient was 
chnically worse. On the third day, it was noticed that the urine was acid, 
had a specific gravity of 1.022 and contained abundant albumin. 

On the fourth day the specific gravity was 1.019, the reaction acid and 
there was continued albuminuria plus microscopic hematuria. Although 
accurate measurements of the urinary output was difficult because of in- 
continence the charted output on the fourth day was only 600 cc.— a figure 
decidedly less than on the 2 preceding days. Sulfathiazole, therefore, was 
discontinued on Bie fourth hospital day after a total of 24 gm. had been 

sulfathiazole level on the last day of therapy was 7.2 mg 
per 160 cc.* ° 

In^cathetS^^ obtained 

to 1 ^ot^Ued 160 cc., the specific gravity had fallen 

wine "“-s ““y 

TlS'snerimm ot 22S cc. obtained by catheter. 

Ihis specmien had a specific gravity of 1.011, was neutral in reaction and 

• This gi\en lalue may be in error by as much as 30%. 
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contained abundant albumin and many white blood cells. The blood urea 
nitrogen was 55 mg. per 100 cc. and the blood pressure had risen to 165/85. 

On the seventh day, the urinary output Avas 450 cc. There Avas moderate 
albumin and a moderate number of Avhite blood cells. Because the tem- 
perature, pulse and respirations Avere stiU elevated, 80,000 units of Tj^pe III 
antipneumococcic rabbit serum were given. 

On the eighth day the urinary output had risen to 575 cc. and 100,000 
more units of Type III antipneumococcic rabbit serum Avere given. Tavo 
days later, on the morning of the tenth hospital day (Feb. 15, 1940), after a 
short period of apparent improvement, the patient died. Death occurred 
sudde^y and Avas thought to have been due to coronary occlusion. 

Repeated blood counts shoAA'ed a sloAA'ly progressive fall in the number of 
red blood cells from 4,700,000 on admission to 3,720,000 and 68% hemo- 
globin on the seventh hospital day. The AA'hite blood count A^aried betAveen 
14,000 and 19,000 Avith 83 to 95% neutrophils. The laboratorj'^ data are 
summarized in the accompanying table. 

Table 1, — Summaba’ op Labobatora' Data. 



Necropsy. Performed 10 hours postmortem. The salient features Avere 
as folloAvs: Kidneys (160 gm. each) Avere large and soft. The cortices Avere 
narrowed, finely granular and pale reddish-pink in color. Pyramids Avere 
large and contained small hemorrhages ahd prominent grayish-yelloAV linear 
streaks of “gritty” crystalline material which converged at the apices and 
extended into the calices as short, fragile cords. The pelves Avere thickened. 
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grossly hemorrhagic and contained deposits of gritty sand-like material. 
Ureters were negative. Bladder contained a moderate amount of fine sand- 
KSl and the mucosa was reddened. Heart (280 .gm.) was small 
The wall of the right ventricle was thickened and the right auricle was 
sliehtlv enlarged. The other chambers were not dilated and the valves 
were normal. The foramen ovale was_ widely patent (0.8 cm.) and the rim 
of the foramen was thickened and partially calcified. The secondary auricu- 
lar septum was absent. The right and left leaves of the prmap^ septum 
were not fused and resulted in the formation of a “V”-shaped defect m the 
muscular portion of the atrial septum. This defect, representing the primary 
ostium, was covered by a thick and fibrous septum. The wall of the pul- 
monary artery was slightly thickened. Ltmgs were small, heavy (left, 
450 gm. ; right, 550 gm.), densely fibrous, dark and congested. The external 
surfaces were finely nodular and “hobnailed” in appearance while the cut 
surfaces exhibited a dense, diffuse, reticular fibrosis and a marked promi- 
nence of the pulmonary arteries. Liver (1060 gm.) was small and slightly 
fatty. Pancreas (150 gm.) was soft and flabby and there was moderately 
extensive pancreatic and peripancreatic hemorrhage with focal areas of 
fat necrosis. There were large hyperkeratotic plaques on the cervix and in 
the rectum there was a large, flat, polypoid mucosal mass. 

Microscopic: Kidneys. There was slight to moderate fibrous intimal 
thickening of the small and medium-sized arteries associated with a mild 
degree of benign nephrosclerosis. There were small focal areas of subacute 
and healed pyelonephritis with tubular fibrosis, round-cell infiltration and. 
colloid and hyaline casts in adjacent tubules. The collecting tubules were 
dilated and many were partially to completely obstructed by deposits of 
crystalline material.* The intratubular deposits consisted of large and 
flat, long and blunt and long rectangular crystals. There was fresh hemor- 
riiage into and about the collecting tubules. There was marked fibrous 
thickening of the subepithelial coimective tissue, which was intensely con- 
gested, hemorrhagic and infiltrated with lymphocytes, plasma cells and a 
few neutrophils. Histologically, the heart was negative. Lungs showed a 
severe peribronchial and perivascular fibrosis and intense congestion of the 
septal vessels of the small intervening islands of alveolar tissue. The walls 
of the pulmonary arteries were thickened. There was a mild degree of 
bronchopneumonia. The liver cells were fatty and there was moderate 
atrophy and fibrosis of the cells about the dilated central veins. The pan- 
creas contained large and small areas of acute degeneration and necrosis of 
the acinar and islet tissue associated with interstitial hemorrhage and fat 
necrosis. The rectal polyp showed early malignant changes with invasion 
of the papillary stroma but "without invasion of the submucosal connective 
tissue. The surface of the cervix possessed thick plaques of squamous 
epithelium which were covered with keratinized epithelium. The basement 
membrane was intact and there was no evidence of malignant degeneration. 

mscussion. The formation of uroliths following sulfapyridine 
medication, both experimentally and clinically, has been described 
by a number of investigators. Recently Plummer and McLellan,^ 
and btryker^ have summarized the literature and added several new 
cases. Of particular interest is the fact that the last observer not 
only found calculi in the calices and pelves of the kidneys and 
bladder, but also discovered crystalline material in dilated collecting 

The crystalline concretions 
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and convoluted tubules of the cortex. He felt that the site of the 
occurrence of the crystals resulted from the precipitation of sulfa- 
pyridine in these tubules as the urine became more concentrated. 
It has been om* observation that crystalline masses of sulfapyridine 
occur most frequently in the renal pelves and in the ureters, which 
suggests that they are most frequently precipitated in urine of maxi- 
mum concentration, i. e., in the caliceal and pelvic urine. 

Following the’ experimental administration of sulfathiazole to 
white rats. Gross, Cooper and Scott* found that the crystallization 
of the drug occurred in the distal collecting tubules. These experi- 
mental lesions were examined by one of us (D.S.P.) and were iden- 
tical with those observed in our case. That there should be a greater 
tendency for thiazole derivatives to recrystallize within the kidney 
tubules is of interest in view of the statement by Reinhold, Flippin 
and Schwartz,® that their clinical observations suggest that sulfa- 
thiazole is not reabsorbed as readily from the kidney tubules as are 
sulfanilamide and sulfapyridine. 

These obvious observations with sulfapyridine and sulfathiazole 
suggest the etiologic difference for the site of development of the 
crystalline precipitates. It is om- feeling that the site of precipita- 
tion is dependent upon the degree of satm-ation of the drug in the 
glomerular filtrate, the tubular concentration, and the solubility and 
(or) reabsorbabOity of the drug. 

Although the death of oiu- patient was probably due to an acute 
hemorrhagic pancreatitis (of unknown etiology), there can be but 
little doubt that the oliguria and azotemia played a contributory 
part, and we believe that these complications were secondary to 
renal insufficiency resulting from tubular obstruction by the crys- 
talline concretions. Specific tests for the determination of renal 
function were not performed in this case because the acid urine of 
high specific gravity and a negative urinary sediment was con- 
sidered as evidence of adequate renal function. The signs of dehy- 
dration and progressive renal failure with the formation of small 
amounts of dilute urine containing albumin, casts, and red blood 
cells, which developed in spite of the administration of parenteral 
fluids, Avas considered as resulting from the severe and protracted 
vomiting. 

Considering the nature of the renal lesion and the probable 
etiology, this case clearly illustrates the necessity of an adequate 
fluid intake and frequent careful urinalyses in determining an uncom- 


Legends eok Figures 1, 2 and 3. 

Fig. 1.— Section of kidney showing the deposits of crystalline material in the apical 
half of a pyramid. 

Fig. 2. — Apex of a pyramid with crystalline deposits in the dilated straight collect- 
ing tubules and focal areas of interstitial hemorrhage. (Frozen section, 65 X .1 

Fig. 3. — Heart showing patent foramen ovale and thickened right ventricle. 
Dotted lines represent a "V”- shaped defect in the muscular portion of the inter- 
auricular septum which is covered by a thick fibrous membrane. 





Fig. 3 
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plicated outcome during a course of sulfathiazole therapy. It is 
felt that renal complications may even be more frequently seen witn 
sulfathiazole than with sulfapyridine and that & warning with 
regard to the judicious use of sulfathiazole is indicated. The site 
of the crystalline concretions of sulfapjwidine render them amenable 
to urologic manipulation or surgical treatment whereas the sulfa- 
thiazole concretions must be dealt with indirectly. 

The other necropsy findings were incidental, but nevertheless 
interesting. The widely patent foramen ovale, in a subject 77 years 
old, with minimal and probably only terminal evidence of myocar- 
dial insufficiency, is unique. The etiology of the diffuse reticular 
pulmonary fibrosis is not clear, but is possibly in part related to a 
mild, but chronic passive congestion of the pulmonary circuit second- 
ary to an interauricular blood flow with increased filling of the right 
heart. Other microscopic evidence suggests a clironic low grade 
bronchitis as an etiologic factor. The moderate atrophy and fibrosis 
of the central liver cells, in the absence of tricuspid dysfunction, 
is probably due to a mild, but long standing increase in the right 
intra-auricular pressure. The malignant poljq) in the rectum and the 
precancerous lesions of the cervix are of but histologic interest. 

Washed samples of the crystalline material from both the bladder 
and renal tubules were analyzed both before and after hydrolysis 
with hydrochloric acid. The specimens were diazotized and coupled 
with dimethyl a naphthylamine. The unhydrolyzed specimens 
remained colorless, but the hydrolyzed samples turned deep purple. 
These results were interpreted as indicating that the material from 
the bladder and renal tubules contained little or no free sulfathiazole 
but that it was largely composed of a derivative of this drug. 

Summary. Concretions obstructing the renal tubules and in the 
pelves and bladder were discovered at autopsy in a patient following 
treatment with sulfathiazole. On analysis the material was com- 
posed of a derivative of sulfathiazole. The gross and histologic 
findings in the kidneys were identical with those described by others 
as occurring in experimental animals. The probable etiologic fac- 
tors influencing the site of the precipitation of sulfapjnidine and sulfa- 
thiazole crystals are discussed. Because of the intrarenal precipita- 
tion of sulfathiazole it is felt renal complications resulting from the 
use of this drug may be more serious than those following the use of 
su fapjTudine.^^The incidental finding of a widely patent foramen 
ovale m this / /-year-old woman is unique and to our knowledge is 
the oldest to be reported. 
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ABSORPTION OF STO-PH ANIL AMIDE AS AN INDEX OF THE 
BLOOD FLOW IN THE INTESTINE OF MAN. 

By Eugene A. Stead, Jr., M.D., 

ASSISTANT IN MEDICINE, HARVAED MEDICAt. SCHOOL; ASSOCIATE IN MEDICINE, PETER 

BENT BRIGHAM HOSPITAL, 

AND 

Paul Kunkel, M.D., 

RESEARCH FELLOW IN MEDICINE, HARVARD MEDICAL SCHOOL, 

BOSTON, MASS. 

(From the Thorndike Memorial Laboratory, the Medical Clinics of the Peter Bent 

Brigham Hospital and the Department of Medicine, Harvard Medical School.) 

The study of the mechanism for the regulation of the blood flow 
in the splanchnic area is of both theoretical and practical impor- 
tance. There is little information, however, concerning the factors 
which control the blood flow in the splanchnic area in normal sub- 
jects. Many of the phenomena occurring in shock and hypertension 
have been attributed, nevertheless, primarily to changes in the 
splanchnic circulation. 

The mechanisms for the control of the blood flow in the abdom- 
inal viscera may not be the tjqpe operative in the regulation of the 
blood flow in the extremities as it is already known that factors 
which greatly change the blood flow in one tissue (skin) may have 
little effect in the blood flow in another tissue (muscle).^ 

Method. The method devised for the study of the blood flow in 
the intestine is based on the principle that the rate of absorption 
from the intestine of an easily diffusible, foreign substance is pro- 
portional to the blood flow through the mucosa. Variations in blood 
flow in the mucosa of the intestine may be studied indirectly by 
determining the absorption of a readily diffusible substance from 
the intestine by its appearance time and concentration in the blood. 
Such an indirect method will not give absolute values for the blood 
flow in the part of the intestine studied, but it should show changes 
in the blood flow above or below the basal level. The degree of 
intestinal motility and the rate of diffusion of the test substance 
out of the blood stream into the body fluids and urine are not con- 
trollable in such a method. Hence the results must be interpreted 
in light of these limitations. 

Sulphanilamide was selected as the test substance because it is 
freely diffusible in the body tissues, it does not produce local irrita- 
tion, and its concentration in the blood stream can be determined 
fairly accurately. The rapid absorption of sulphanilamide when it 
is placed in the small intestine indicates that it is absorbed directly 
into the blood stream. It was assumed that an increase in blood 
flow to the intestine above the basal rate would be reflected by 
a more rapid absorption of the sulphanilamide, while a decrease in 
blood flow below the basal rate would result in a slower absorption 
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of sulphanilamide. No attempt was made to establish the rate of 
sulphanilamide absorption in a large series of normal subjects. 
An experiment on each subject under basal conditions served as the 

All subjects were in the basal state. No fluid was given after 
9 p.M. the night preceding the experiment. A 1% solution of 
sulphanilamide at 38° C. (200 to 300 cc.) was injected directly into 
the small intestine through a Rehfuss tube which had been passed 
into the second portion of the duodenum. The position of the. tube 
was ascertained by fluoroscopy. The subjects were trained to 
swallow the tube and they experienced no nausea throughout the 
procedure. Blood was collected from the antecubital vein at 2- to 
3-minute intervals for at least 20 minutes and then samples were 
taken at 5- to 10-minute intervals for 1 to 2 hours. In experiments 
in which the subjects were tilted upright the blood was drawn from 
the femoral vein. 

In a second series of experiments in which changes in the blood 
flow in the colon were investigated, 300 cc. of a 1% solution of 
sulphanilamide at 38° C. were given by rectum.- These subjects 
received a cleansing enema at 11 p.m. the night before the experi- 
ment. Blood samples were eollected from the antecubital veins. 

Both free and total sulphanilamide were determined on whole 
blood by the method of Marshall and Litchfield^ using the Evelyn 
colorimeter.^ As the total sulphanilamide closely paralleled the 
free sulphanilamide, only the levels of the free sulphanilamide have 
been recorded in the charts. 

Results. Sulphanihmide in the Small Intestine. A 1 % solution 
of sulphanilamide (300 cc.) was given by duodenal tube to 2 normal 
subjects and to 1 subject with postural hypotension. The subjects 
weighed 170, 190 and 159 pounds, respectively. The 300 cc. wmre 
given in 1.5 to 3 minutes. Figure 1 shows the free sulphanilamide 
level in the blood in these 3 subjects. In 10 to 13 minutes the sulph- 
anilamide concentration reached its peak of 6.7, 8.7 and 6.9 mg., 
respectively, at the end of 2 hours it was between 4 and 5 mg. 
per 100 cc. Two hundred cubic centimeters of a 1 % solution of 
sulphanilamide were given by duodenal tube to 2 nprmal subjects 
who weighed 100 and 150 pounds, respectively. The sulphanilamide 
concentration reached 5 mg. per 100 cc. in 10 and 20 minutes, 
respectively. At the end of an hour the concentration was still 
approximately 5 mg. per 100 cc; 

In order to determine nfiether the blood flow in the small intestine 
was decreased by shunting blood to the skin, one of the normal 
subjects was placed in a fever cabinet and the rectal temperature 
wms raised to 103 F. The subject ivas then given the same amount 
of sulphamiamide by duodenal tube. The concentration of the 
sulphanilamide in the blood was slightly but not significantly higher 
than m the control e.vperiment. o ^ 
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In order to determine whether the blood flow in the small intes- 
tine was decreased by venous pooling in the dependent portion of the 
body, the subject with postural hypotension was given 300 cc. of a 
1% solution of sulphanilamide by duodenal tube while he was 
standing at an angle of 60° (Fig. 2). On standing, his blood pressure 
fell from the resting level of 110 mm. systolic and 70 mm. diastolic 
to a “shock level” of approximately 60 mm. systolic and 50 mm. 
diastolic. The heart rate rose from 56 to 90 beats per minute. 
The sulphanilamide level in the blood, in spite of the considerably 
decreased systemic blood flow, rose as quickly under these condi- 
tions as it had when it was administered in the horizontal position. 



0 10 20 30 40 SO 60 70 60 90 100 110 120 130 140 ISO 160 170 

MINUTES 

Chakt 1 . — Concentration of Bulphanilamide in blood in mg. per 100 cc. after the 
administration of 300 cc. of a 1% solution of sulphanilamide by duodenal tube to 3 
subjects under basal conditions. 


One cubic centimeter of pitressin was injected intramuscularly 
into 3 normal subjects and sulphanilamide was given as before by 
duodenal tube (Fig. 3). In 2 cases the control sulphanilamide 
curve and the sulphanilamide curve after pitressin were nearly 
identical. In the third case, the sulphanilamide concentration in 
the blood was somewhat greater after pitressin than before. 

Sulphanilamide in the Colon. Three normal subjects were given 
300 cc. of a 1% aqueous solution of sulphanilamide at 38° C. by 
rectum. The concentration of the drug in the blood stream rose 
much more slowly than when it was administered by duodenal 
tube. At the end of 11 hours the level in the blood was between 
2.5 and 4 mg. per 100 cc. and it w'as still slowly increasing. When 
the experiments were repeated on these same subjects after the 
intramuscular injection of pitressin, the sulphanilamide appeared 
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Chart 2.— The effect of postural hypotension on the absorption of 300 cc. of a 
1 % solution of eulphanilamide from the small intestine. Dotted line is the concen- 
tration of sulphanilamide in the blood in the control experiment which was performed 
with the subject in the horizontal position; solid line is the concentration of sulphanil- 
amide in the same subject whose blood pressure has been lowered by tilting. 



MINUTES 


Chart 3. The effect of the intramuscular administration of 1 cc. of pitressin on 
mce'intMt;ncs°^ sulphanilamide from the si^ll and the 

waf c vcn before the sulphanilamide 

nas B,^en. ^le solid lmo=control; dotted line = after pitressin. Pitressin had no 

tihn J,erfhc"sSn'''^l given by duodenum, but it caused slower absorp- 
tion n Pen the sulphanilamide was given by rectum. * 
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later in the blood and the concentration in the blood increased more 
slowly (Fig. 3). 

Discussion, 'When variations in blood flow to the small intestine 
are studied by the absorption of an easily diffusible substance, it 
is essential that the test substance be placed directly in the small 
intestine. Otherwise, changes in emptying time of the stomach 
will greatly modify the results. This is particularly true when col- 
lapse is induced, because nausea is a frequent symptom of the 
collapse and is accompanied by dilatation of the stomach and 
closing of the pylorus. 

When a solution of sulphanilamide is introduced into the small 
intestine, it appears in the blood in a relatively high concentration 
in a short time. At first it was thought that this probably indicated 
that the sulphanilamide was easily diffusible and that there was a 
high basal blood flow in the small intestine. A second possibility 
was, however, that the high concentration of the sulphanilamide 
in the small intestine and its rapid diffusion were sufficient to account 
for the blood levels obtained, and that the basal blood flow in the 
small intestine was slight. In a study of the blood flow of this 
nature it is essential to decide whether the resting blood flow is 
great or small. This is axiomatic because the vasoconstrictor effect 
of certain stimuli or drugs will be overlooked unless vasodilatation 
is present in the tissue when the control observations are made. 
Thus it is easy to overlook the vasoconstrictor effect of epinephrin 
on the digital vessels if the hand is already cold when the drug is 
injected. Likewise, if the vessels are already dilated when the 
observations are begun, stimuli which are capable of producing 
vasodilatation may seem to have little effect. Hence, arterial 
occlusions produce little reactive hyperemia in the skin when the 
vessels are already widely dilated by local heat. 

On the assumption that under the conditions of the experiment 
the rapid appearance of sulphanilamide indicated a fairly rapid 
blood flow in the small intestine, attempts were made to reduce the 
blood flow. The shunting of a portion of the blood to the skin by 
heating the body had no effect on the rate of sulphanilamide absorp- 
tion from the small intestine. Likewise, in dogs it has been showtf 
that the resting blood flow through the superior mesenteric vessels 
is not decreased by exercise. Thus it appeared that the basal blood 
flow in the small intestine was so low that when additional blood 
was needed for heat dissipation or exercise, it was not obtained by 
decreasing the blood flow in the small intestine. 

The postural experiment in which the mean arterial pressure was 
lowered again indicates that the basal blood flow to the small 
intestine is low. When the mean blood pressure was lowered, the 
absorption of the sulphanilamide was still rapid. The blood flow 
to areas with a large blood supply usually decreases as the blood 
pressure falls. In the hand with the vessels widely dilated by local 
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heat the blood flow falls for two reasons: 1, reflex vasoconstriction; 
2 fall in pressure head. Smith® has shown that the blood flow 
through the kidney, an organ in which the resting blood flow, is 
high, is reflexly decreased when blood is pooled in postural experi- 
ments even though the mean arterial pressure does not fall. How- 
ever, in organs in which the resting blood flow is low it is not possible 
to predict exactly what effect postural hypotension will have on 
the blood flow for, as the vessels are already constricted, it is much 
easier for them to compensate for a drop in pressure by a slight 
degree of vasodilatation than it is for organs in which vasodilatation 
is already present. 

The experiments with pitressin indicated that it had little effect 
on the blood flow to the resting small intestine. In the colon, on 
the other hand, pitressin definitely slowed the absorption of the 
drug. It is difficult to say whether this was the result of direct 
vasoconstriction or whether the vasoconstriction was produced by 
clamping off of the vessels in the wall of the colon during the periods 
of increased peristalsis caused by the pitressin. Animal experiments, 
in accordance with observations on man here reported, indicate 
that pitressin has a more powerful action on the colon than on the 
rest of the intestinal tract.^ 

At the onset of this studj^ it was felt that a decreased blood flow 
to the small intestine in cases of shock might explain some of the 
variations in absorption of sulphanilamide and sulphapyridine 
which are frequently observed in patients. However, in postural 
collapse sulphanilamide enters the blood stream rapidly and a 
satisfactory blood level is obtained despite the increased venous 
pooling and fall in blood pressure. It is probable that shock ad- 
versely affects the absorption of the drug chiefly by prolonging the 
emptying time of the stomach rather than by interfering with the 
absorption of the drug once it has reached the small intestine. 

Summary and Conclusions. 1. The blood flow in the human intes- 
tine has been investigated by determining the appearance time and 
the concentration curve in the blood of free sulphanilamide when a 
known amount of sulphanilamide in solution is introduced directly 
into the small intestine or colon. 


2. Under basal conditions a blood level of 6 to 8 mg. per 100 cc. 
of free sulphanilamide was obtained in 10 to 13 minutes when 300 cc! 
of a 1 % solution of sulphanilamide were placed in the duodenum. 

3. Heating the body or inducing collapse in a subject with pos- 
tural hypotension did not alter the curve of sulphanilamide in the 
blood. Tins IS interpreted as indicating that the basal blood flow 

liiat the rapid appearance of 

sulphanilamide m the blood was the result of its rapid diffusion 
Tnnt; 1 f basal conditions sulphanilamide was absorbed much 
more slovlj from the large bowel. When 300 cc. of a 1% solution 
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of sulphanilamide were given rectally the blood level rose to between 
2.4 and 4 mg. per 100 cc. at the end of H hours, 

5. Pitressin failed to influence the rate of absorption of sulphanil- 
amide when the substance was given by duodenal tube. Pitressin 
caused a delay in absorption when the sulphanilamide was placed 
in the large bowel. 

6. The rapid absorption of the sulphanilamide in the collapse 
induced by the upright position in a subject with postural hj^o- 
tension suggested that even in shock sulphanilamide diffuses so 
rapidly that it is adequately absorbed once it is present in solution 
in the small intestine. Dilatation of the stomach and closure of the 
pylorus may, however, prevent the drug from reaching the small 
intestine. 

The determinations of the sulphanilamide concentration were done by Miss Sophia 
M. Simmons, B.S. 
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As part of a study in which the nutritional status of 100 families 
of widely varying cash incomes was investigated concurrently with 
food intake,’ photometric measurements were made on all persons 
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relating their response to this test with vitamin A intake. Other 
comparisons also were made, including the relationship between 
response to the photometric tests and cash income, money spent for 
food, and education of the various families. 
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A total of 418 individuals in 100 ‘families was included in the 
study, of which 327 persons were sufficiently old to take the pho- 
tometer tests. 

Photometric Procedure. The investigation was carried on from July,. 
1935, to August, 1937, as part of a long-time study on the dietary habits and 
nutritional status of representative Pennsylvania familes. When the work 
was begun, no instrument specifically designed to measure darlmess adapta- 
tion in relation to vitamin A status was available. Jeans and Zentmire • 
had described the use of an electrically illuminated Birch-Hirschteld 
photometer, not originally made for this purpose, in the clinical examina- 
tion of subjects for moderate degrees of vitamin A deficiency. The method 
suggested by these authors was adopted in this study, and members of 81 
of the famihes were tested by the Jeans technique. 

The remaining 19 families were examined by means of the biophotometer, 
first described by Jeans, Blanchard, and Zentmire.^ These families were 
distributed throughout the various cash income groups. 

The use of the Birch-Hirschfeld photometer as an instrument for evaluat- 
ing darkness adaptation has been described by Jeans and Zentinire,'*“ bj'' 
Bigwood,! and by Mack and Smith.' Two tests were made with the sub- 
jects by the use of the Birch-Hirschfeld photometer after the method of 
Jeans, the first test after the subject had looked for 6 minutes at a white 
screen placed at a standard distance in front of him, and illuminated by a 
200-watt Mazda lamp behind his back and shining over his shoulders, and 
the second after a 10-minute subsequent period in darkness. In preliminar}’’ 
trials made before the study of the family members was begun, it was found 
that the test following bright light exposure should be made at a 
precise time after exposure, because ability to see changes rapidly when a 
subject has been placed in darkness immediately after bright light exposure. 
A time of between 20 and 25 seconds was chosen for taldng this test, and the 
time was judged with a stop-watch which was started at the same instant 
as the room was darkened for the test. 


Since no calibrations in terms of light intensity were furnished with the 
Birch-Hirschfeld photometer, but merely the transmission of the wedge, 
the instrument was caUbrated for every combination of wedge and iris 
setting by means of a Weston Photronic Cell No. 594, fitted wuth a Corex 
Visual Correction Color Filter, using the method of Fogle.^ The calibra- 
tion was accurate within the hmits of the method of procedure— this Avas 
made on the entire glass field over which the plate bearing the five circular 
openings was placed during the test. The luminosity of the center dot was 
then calculated on the basis of the comparison of the area with the whole 
field. This introduced a slight error in that the rate at which the light 
changed over the entire area, as the iris was opened or closed, was different 
^om that at which the intensity of tlie small center dot was changed. 
The center dot could not be used alone in the calibration, however, because 
it did not transmit sufficient light to be recorded when focused on the photo- 
electric cell of the calibrating derdce. 

Vffien the biophotonieter was substituted for the Birch-Hirschfeld instru- 
ment, readings were taken with the new instrument: (a) upon entry of the 
suffiect into the darkroom m which the tests were given; (6) after a 10- 

darlffoom; (c) after a 5-minute exposure of the 
through a luminescent screen within the 
“Stance bemg made between 20 and 25 seconds 
after the close of the exposure interval, and (d) after 21-, 5- 7k- and 10- 

subsequent darkness adaptation. The* only’ results given 
present report, liowever, are those corresponding to the tests of the 
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older instrument, namely, the test after 5 minutes of briglit light exposure, 
and that following the 10-minute subsequent period in darkness. 

As mentioned previously, the members of the 19 families tested with the 
biophotometer were scattered throughout tlie socio-economic range. 
Wiether the results obtained with the 81 families with whom the older 
instrument was used were analyzed separately, or whether the data for all 
100 of the families were considered as a whole, the same positive correla- 
tions between response to the test and family intake of vitamin A were 
obtained. 

Method of Determining Vitamin A Intake. The unit composition of each 
family was ascertained by the method of Stiebeling and Phipard.® This 
consisted, in brief, of calculating from the number of meals eaten atliome by 
the different members of the family during the week the equivalent in terms 
of the number of unit persons eating at home for seven 3-meal days during 
the week. The average content of the diet per unit person in each family 
was then determined by dividing the average total weekly vitamin A con- 
tent of the family diet by the family equivalent in unit persons eating 21 
meals, or 3 meals a day for 7 daj^s, at home during the week. This gave the 
vitamin A intake per unit person per week, for each of the 100 families. 
The quotient obtained by dividing this by 7 was the average vitamin A 
intake per unit person per daj'. The vitamin A content of the diet is re- 
ported in international units. 

The weekly %ntamin A intakes of the families may be regarded as esti- 
mated vitamin A intakes, since they were calculated from tables of average 
food values based on analyses of investigators of recognized standing, 
although samples of the family dietaiy were not themselves analyzed for 
vitamin A content in this study. The dietary records used in the calcula- 
tions consisted of grocery slips, company books, and housewives’ tabula- 
tions of amounts of various foods served and discarded. Total family intake 
only was recorded— no attempt was made to record the food eaten by indi- 
vidual family members because of limited personnel available for assistance 
in the study. The family was visited from two to six times throughout the 
period of record-keeping by one of the authors. The family dietary intake 
was kept for a 3-month period for the first 40 families. After the data from 
these records were analyzed, it was found that little variation occurred 
from week to week during the time covered, which was continuous within 
one season of the year. For the remaining 60 families, records were kept 
for a 2-week period only. 

Seasonal distribution of families studied was such that some families from 
each income group were analyzed at each of the various times of the year. 
Because the photometer tests and the food intake were recorded for identical 
periods of the year for each family, comparisons between response to the 
former test and vitamin A intake are considered altogether appropriate. 

Methods of Reporting Cash Income and Edncaimial Ratings of Families, 
and Amounts Spent for Food by Families per Unit Person per Meal. The 
families are reported as having Cash Income Rating 1, if they had annual 
incomes ranging from $20,000 to $5,000 annually; Rating 2, from $4,999 to 
$2,500; Rating 3, from $2,499 to $1,000; Rating 4, below $1,000, but not on 
direct relief; Rating 5, on direct governmental relief. 

The arbitrary educational ratings to which the families were assigned 
were as follows; Educational Rating 1 w'as given to those families in which 
all adult members (persons 19 years of age or Over who were not continuing 
their education) were college graduates, one or more with a Ph.D. degree; 
Rating 2, to those in which all adults were college graduates, one or more 
with a master’s degree; Rating 3, to those in which all adults were college 
graduates with a bachelor's degree; Rating 4, to those in which one adult 
was a college graduate; Rating 5, to those in which all adults had had some 
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special training beyond high school (nurse’s course trade school, or other 
non-college training beyond high school); Rating 6, to those in which all 
adults were high school graduates, at least one with some special training 
beyond high school; Rating 7, to those in which all adults were hiSh school 
graduates; Rating 8, to those in which at least one adult was a high school 
graduate; Rating 9, to those in which at least one adult had passed the , 
eighth grade; Rating 10, to those in which none of the adults had passed 

the eighth grade. . . , ^ x xi x 

In resolving the families to a common basis with respect to the amount 
spent for foods of various types, the unit-person content of each family 
was computed from a scale of comparative food costs for persons different 
in sex, age, and activity, in which the expenditure for food of a moderately 
active man of the same description as was used in establishing arbitrary, 
relative nutrient-requirement standards was taken as the unit. As a means 
of calculating comparative expenditures for different individuals, the scale 
of relative food-expenditure values suggested by Stiebeling and Phipard® 
was used; this was based upon dietary studies made at the U. S. Bureau of 
Home Economics. 


Results of the Study. Correlation Beiiveen Photometer Tests 
and Vitamin A Intake. In relating the bright light test and the 
darkness regeneration test to vitamin A intake for the entire 100 
families, irrespective of the arbitrary sub-groups later described 
into which each fell, it was found that the correlation coeflBcient 
was +0.57, with a probable error of =*=0.0454. Since the coefficient 
of correlation was more than 6 times its probable error, it was con- 
sidered significant. The correlation coefficient of the darkness 
regeneration factor as related to the vitamin A intake of the entire 
100 families was +0.57 =*=0.0454, also a significant correlation. 

^^ffien the bright light factor was related to the darkness regenera- 
tion factor for each of the 100 families, a correlation coefficient of 
+0.85 =*=0.019 was found, which indicates a highly significant 
correlation. 

In establishing a definite correlation between the vitamin A 
intakes of families of various dietary habits and their responses to a 
photometric test, the authors confirm the early work of Jeans and 
Zentmire'*"'* with the Birch-Hirschfeld photometer, and that of 
Jeans, Blanchard, and Zentmire® in their introduction of the bio- 
photometer, and of their findings by the use of this instrument with 
orphanage children; of Jeghers,® avIio studied responses of medical 
students to a biophotometer test in relationship to their dietary 
habits, and who produced vitamin A deficiency in an experimental 
subject and noted the progress of the deficiency and its recovery 
by means of a biophotometer; and of Maitra and Harris® wdio used 
the Birch-Hirschfeld instrument in studying the vitamin A status 
of London and Cambridge school children and noted their favorable 
response to vitamin A therapy as showm by improvements in tests 
with this instrument. 

Comparison of Vitamin A Intake of Families in Diferent Arbitrary 
broiq^s of Respoiises to Photometer Bright Light Test. The families 
were divided into three arbitrary groups with respect to average 
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response to the photometer test following bright light exposure. 
This division was made on the basis of the range of average response 
of the families to the test, and without reference to assumed normal 
or abnormal responses. 

The first, or best group (hereinafter designated as Group I) was 
composed of 14 families, in wdiich the average family light require- 
ment constituting the end-point of persons of 6 years of age or over 
was 0.6 millifoot candles or less. The second group (Group II) 
included 45 families, the members of which required from 0.7 to 
5.0 millifoot candles to observe the end-point when taking the test 
following bright light exposure. The third group (Group III), or 
that in which the poorest response to this test was shown, included 
41 families averaging over 5.0 millifoot candles as their end-point. 
The relationship of the average responses of the three groups of 
families, separated as to their average bright light factor, to vitamin 
A intake, to the average darloiess regeneration factor, to average 
annual cash income, to the average amount spent for food per unit 
person per meal, and to the family educational rating are shouai in 
Chart 1. 

The statistical method of Fisher- was used to compute the prob- 
able significance of the differences between the average vitamin^ A 
intake per unit person per day in the families of the three bright 
light factor groups. In this analysis, the comparisons of vitamin A 
intake were based on the average vitamin A intake per unit person 
for each family; the mean photometer test of the different members 
of the family who were given the test was used as the basis for 
classifying the families into the respective groups. It was found by 
this statistical procedure that the odds are greater than 100 to 1 
that the difference is significant between the vitamin A intake of 
families taking the best photometer test with respect to the bright 
light response (Group I, giving a bright light test of 0.6 millifoot 
candles or less) and that of families in the second best group on the 
basis of this test (Group II, having a bright light factor from 0.7 
to 5.0 millifoot candles, inclusive)— obviously a highly significant 
difference. Fmthermore, there was a high degree of significance— 
odds were more than 100 to 1 —of the difference in vitamin A intake 
between families of Group I and Group III, the latter including 
families averaging more than 5.0 millifoot candles in the bright 
light test. The difference in average vitamin A intake per unit 
person per day was not significant between Groups II and III, 
when the families were grouped on the basis of the bright light 
factor. The average vitamin A intake per unit person per day in 
the three groups was foimd to be 16,482 international units for 
Group I with a standard error of ^2,104; 10,775 for Group II with 
a standard error of =±=1,174; 9,984 for Group III with a standard 
error of =±=1,031. 

At first glance, the average vitamin A intake per unit person 
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seems likli for all tliree of the groups classified by the photometer s 
bright light factor, particularly for the poorest group, since the aver- 
age for this group is higher than various of the tentative requirements 
which have been suggested by different investigators for a unit 
person of the same specifications as were used in this study, it 
must be considered in this connection, however, tha,t all ol the family 
averages within anj'' one group were not the same as the^ group 
average, and that the minimum family vitamin A average intakes 




CiXABT 1- Vitarflin A intukc per unit meal (per unit person per meal), response 
to photometer tests, cash income, money spent for food, and education of families 
grouped according to response in bright light tests. 

in the three groups were 8,180, 1,052, and 1,954 international units 
per person per day, respectively. It must be remembered further 
that any excess of vitamin A consumed by some of tbe families of 
one of the arbitrary groups was of no value to any of the families in 
this group receiving a lesser amount of this nutrient. None of the 
a\erag(^ o Mtamin A, therefore, are to be regarded as necessarily 
desirable amounts of this dietary component. 

The tliree family groups, separated with respect to their response 
to the photometer test after bright light exposure, are graphed in 
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Chart 2 as to their comparative vitamin A intakes per unit person. 
From this it is shown that the majority of the families in Group I 
received 12,000 or more international units of vitamin A per unit 
person per day, whereas no familj'- averaged below 8000 units. In 
Group II, more than three-fourths of the families received less than 
D 

iu 




Chart 2.— Percentage distribution of families as regards vitamin A intake, grouped 
according to the bright light factor. Group I included families giving the best and 
Group III the poorest average responses to this part of the photometer test. 


12,000 imits, daily, and more than half of the families received less 
than 7999 international units of vitamin A per unit person per day. 
In Group III, a larger percentage of the families had vitamin A 
intakes less than 5000 units than did the other groups, and more than 

x7. P /» * 17 £_2 in r\rtr\ -? 
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The apparently large consumption of vitamin A. by some of the 
families in the lower groups of response to the bright light photom- 
eter test may be accoimted for either by the fact that tables oi 
averages from which the vitamin A values of the dietaries were cal- 
culated may not account for some of the losses in vitamin A content 
of foods from various causes, such as conditions of production, of 
storage, or of preparation, or by the fact that variations undoubt- 
edly are to be found in the utilization of this vitamin by different 
individuals. 

The uniformity among the various family members with respect 
to their response to the bright light test is interesting. ^ In Group I, 
all of the members of 85% of the families were within the group 
limits of this test, with only one member of each of the remaining 
families found in the group next below that of the family average. 
In Group II, all of the members of 42% of the families were found 
within the limits of the group as a whole, while 30% of the families 
had one member in the class next below that of the group, 11% had 
one member in the class next higher, 11% had more than one 
member in the class next below that of the family average, and 2 % 
had more than one member in the class next above that of the group 
in which the family average with respect to this test was found. 
In Group III, only 26% of the families had all of their members with- 
in the group limits, while the remainder had one or more family 
members in the other photometer response groups. Thus, a high 
degree of uniformity of response to this test was found in members 
of families giving a high response to the test, with a p^og^essi^'^e 
decrease in uniformity as the average family response to the test 
became lower. 


Comparison of Vitamin A Intake of Families in Different Arbitrary 
Groups of Response to Photometer Darkness Regeneration Tests. The 
families were divided into three classes on the basis of their average 
response to the darkness regeneration tests; the divisions were 
based approximately on the range of responses of the families in the 


groups with respect to the bright light tests. The first group con- 
sisted of families of which the average darkness regeneration test 
was 0.05 millifoot candle and under. The second group had average 
tests ranging from 0.06 to 0.9 millifoot candles, inclusive, and the 
third group, over 0.9 millifoot candles. There were 18 families in 
the first, 31 families in the second, and 51 families in the third group, 
bixty-nine of the families fell in the same respective groups in the 
two tests, and 31 of the families fell in one group lower or higher with 
respect to the darkness regeneration test than they did in the test 
follomng bright light exposure. 

In Chart 3 there is shown the average response to the photometer 
tests, the average vitamm A intake per unit person, and the aver- 
ages for the three socio-economic factors-cash income, amount 
of ione\ spent lor food per unit person per meal, and average 
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family educational rating— when the families were grouped into the 
three photometer darkness regeneration groups. The vitamin A 
intake of the families of Group I was 14,307 international units per 
unit person per day, with a standard error of 1,931 units; that 
of the families of Group II was 11,999, with a standard error of 
1,521; and that of Group III was 9,714, with a standard error of 
±984 international units. 


mil 





Chart 3, — Vitamin A intake, response to photometer tests, cash income, motley 
spent for food per unit meal (per unit person per meal), and education of families 
grouped according to response in darkness regeneration teste. 


Again using the method of Fisher,- it was found that the difference 
between the average vitamin A intake per unit person per day of 
the families of Group I (the highest with respect to the darkness 
regeneration factor) and that of the medium group (Group II) with 
respect to vitamin A intake, and that between (Groups II and III 
were not significant. The difference between the best and the 
poorest groups (I and III), however, was found to be highlj'' sig- 
nificant, by odds greater than 100 to 1. 

The distribution with respect to vitamin A intake of the families 
within each darkness regeneration group is shown graphically in 
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Chart 4 In this figure it is seen that the families are more vudely 
scattered throughout each of the groups than was the case with 
the groups based on the bright light test. In common with the 
bright light response groupings, however, there is a tendency tor 
percentages of families in the lower vitamin A consumption sub- 
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Chart 4.— Percentage distribution of families as regards vitamin A intake, grouped 
according to the darkness regeneration factor. Group I included families giving the 
best and Group III the poorest average responses to this part of the photometer test. 

divisions to become progressively larger and those in the higher 
A itamin A intake sub-groups to become progressively smaller from 
Groups I to III. 

ReIatiomhi2J Between Response to Photometer Tests and Cash 
Income, Money Spent for Food, and Educational Ratings of Families. 
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person daily, the greater majority were receiving less than this 
amount and almost half were receiving less than 8000 units. More- 
over, no families receiving less than 8000 international units of this 
vitamin were in the highest class with respect to the bright light 
test, and few were receiving less than this amount who were in the 
best class on the basis of the darkness regeneration test. In other 
words, poor darkness adaptation is apparently possible with high 
vitamin A intake (as calculated from dietary records), whereas 
good response is not possible with a low intake. 

Good average responses to the photometer tests were associated 
not only with uniformly high intakes of vitamin A, but with a greater 
degree of uniformity of response to the tests throughout the mem- 
bers of a certain familj'-, a situation which is characteristic of bio- 
logic material in general in which a greater uniformity is found 
the more nearly an optimum condition is achieved with respect to 
a certain factor. 
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ACID TO THE COENZYME I CONTENT OF BLOOD.* 
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The widespread occurrence of Coenzyme I (diphosphopyridine 
nucleotide) and Coenzyme II (triphosphopyridine nucleotide) in 
animal tissues and the prominent role plaj-ed hy these substances 
m many metabolic processes have been repeatedly demonstrated. 
These coenzymes function as carriers in numerous oxidative sys- 
tems which involve the transfer of hydrogen from metabolite 
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through a series of intermediate stages to molecular oxygen. The 
nicotinic acid amide portion of the coenzyme molecule may be 
reversibly oxidized and reduced and serves as the site of hydrogen 
transport. The possible role of Coenzyme I in phosphorylation 
processes further accentuates the importance of these compounds 
in cellular metabolism. 

The importance of nicotinic acid and certain of its derivatives 
in bacterial nutrition has been established by Knight,^® Mueller, 
Koser et and Fildes. ® Elvehjem et al.^ have shown that nicotinic 
acid is the specific cure for the characteristic “black tongue” syn- 
drome observed in dogs fed the Goldberger diet. The importance 
of this vitamin in the nutrition of the monkey and pig has since 
been recognized.® ® Finally, the relationship of nicotinic acid to 
human pellagra has now been abundantly demonstrated. 

The fact that nicotinic acid amide is a constituent of the pyridine 
nucleotides has led to the logical assumption that at least one of 
the functions of nicotinic acid in the organism is to serve as a com- 
ponent of the coenzyme molecule. Such a relationship has been 
observed in the case of bacteria by Knight^® and Fildes,® and in the 
higher animals by Axelrod, Madden, and Elvehjem.® The latter 
authors demonstrated a decrease in the Coenzyme I content of the 
liver and muscle of both the dog and the pig in an uncomplicated 
nicotinic acid deficiency. Vilter, Vilter, and Spies^®“’® noted a 
decrease in the Factor V (Coenzymes I and II) content of the blood 
of pellagrins and of diabetics suffering from severe acidosis. Ivohn,“ 
using the same bacteriological method, has been unable to confirm 
the findings of the above authors relative to pellagrins. In partial 
confirmation of Kohn, Axelrod, and Elvehjem^® have failed to 
observe a decrease in the Coenzyme I content of the blood of dogs 
manifesting an extreme degree of nicotinic acid deficiency. 

Kohn and Klein,“-^® using a bacteriologic assay method for Factor 
V, have shown that the concentration of this substance in human 
blood can be increased by the ingestion of large amounts of nicotinic 
acid. The “in vitro” synthesis of Factor V from nicotinic acid was 
also demonstrated. We have made a similar study using the more 
specific yeast fermentation method of von Euler® and Myrback^® for 
the estimation of Coenzyme I. The results of this study form the 
basis for the present report. 

Experimental. Blood was drawn by venepuncture and was placed in an 
oxalated flask. The analyses for Coenz3ane I were carried out on the washed 


Legend fob Figube 1. 

Fig. 1. — Effect of Feeding 100 Mg. of Nicotinic Acid peb Day to 6 Nobmad 
Subjects and 750 Mg. pee Day to 1 Pedeagrin Upon the Coenzyme I Content 
OF Blood. 

The first arrow designates the beginning and the second arrow the end of nicotinic 
acid administration. Blood Coenzyme I determinations were made at the points 
indicated. 
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red blood cells according to the technique described by Axelrod and Elveh- 
jemd“ Hematocrit values were determined and the Coenzyrne I content 
of the whole blood was calculated. 

Five healthy subjects maintained on an otherwise normal diet received 
orally 100 mg. of nicotinic acid daily. Coenz 3 Tne I levels were determined 
for all of these individuals prior to the period of nicotinic acid adniinistra- 
tion. The dosage was continued for 1 to 2 weeks and the blood Coenzyme I 
levels were followed during this time. Tlte results are indicated in the 
accompanying figures (Fig. 1). 



DWS 

Fig. 2.— Effect of Feeding 1800 Mg. op Nicotinic Acid Within 16 Hours Upon 
THE Coenzvme I Content of Blood. 

Arrows mark the beginning and end of nicotinic acid administration. 

Two normal subjects were each given 1800 mg. of nicotinic acid 
over a period of 16 hours (200 mg. every 2 hours) and the response 
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in the Coenzyme I level of the blood noted. Blood samples were 
taken 8 and 25 hours after the administration of the initial dose of 
nicotinic acid (see Fig. 2). The striking vasodilating effect of nico- 
tinic acid in both normal and pellagrous individuals was noted 
throughout these experiments. It was particularly troublesome 
when 1800 mg. of the vitamin were administered within 16 hours. 

Pellagrin {F. M.). This patient, a 28-year-old unmarried colored woman, 
was admitted to the hospital complaining of attacks of dizziness. She had 
received violent trauma to the jaw 5 months previous to admission, resulting 
in a fracture with_ moderate deformity and failure of union. Because of 
this fracture and inability to use her jaws, she had subsisted wholly on 
liquids for 2 months and very little solid food during the entire 5-month 
period. More specifically, she consumed no vegetables, very little milk, 
almost no cereal and no meat during this entire time. Examination re- 
vealed marked emaciation. Her tongue and buccal mucous membranes 
were fiery red and very sore. Vincent’s infection was evident over the gums. 
Skin over the hands, elbows, and feet was markedly thickened, cracked, and 
bleeding. There was definite muscular weakness with a suggestion of spas- 
ticity. Her mental state was very confused and she was almost maniacal 
at times. She was so belligerent upon admission that history and physical 
examination were difficult to obtain. 

Laboratory studies showed a vitamin C level of 0.16 mg. per 100 cc. 
vitamin A of 1.42 “L” Units, prothrombin time of 100% and hemoglobin 
of 11 gm. per 100 cc. The blood Wassermann reaction was positive. 

Coenzyme I studies were begun immediately after admission and 
were continued during the period of intensive therapy with nicotinic 
acid. The clinical response to this medication -was immediate, with 
clearing of the mouth lesions and improvement of the mental state 
within 24 hours. Improvement in the skin lesions followed more 
slowly. An increase of 12 points in the patient’s psychometric test 
was noted immediately after improvement in the mouth lesions 
had begun. 

Results of the Coenzyme I studies are given in Table 3. 

Table 1.— -Effect of the Administkation of Vahyino Amounts op Nicotinic 


Subject. 

Acid Upon the Coenzvme I Content op Blood. 

Initial Maximum 

Coenzyme I. Coenzyme I, 

mg, per 100 mg. per 100 Per cent 

Period of 

CC, 

CC, 

increase. 

administration. 

E. G.* . 

3.5 

6.3 

49 

15 days 

M. M.* 

3.9 

5.1 

31 

10 “ 

A. K.* . 

. . . . . 2.5 

4.9 

96 

6 “ 

M. K.* 

1.9 

4.9 

150 

7 " 

M. E.* . 

2.7 

5.4 

100 

8 “ 

C.P.t . 

2.5 

6.3 

152 

16 hours 

J.K.t . 

1.8 

7.4 

310 

16 “ 

F. M.t . 

3.4 

8.3 

144 

30 days 


(pellagrin) 

* Given 100 mg. per day. 
t Given 1800 mg. 

% Given 750 mg. per day. 

Discussion. It is evident from the data presented that the 
Coenzyme I content of human blood can be increased by feeding 
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excessive amounts of nicotinic acid. These results are in complete 
agreement with those obtained by Kohn.^’^ Supplementation of the 
normal diet with 100 mg. of nicotinic acid daily over a period of 10 
days produces an average increase of 85% in the Coenzyme I con- 
tent of the blood. The rate of this increase varies with the individ- 
ual, as does the rate of return to normal after the period of adminisr 
tration of the vitamin has been completed. In general, the response 
to 100 mg. of nicotinic acid daily is not rapid and is followed by a 
slow drop to the normal Coenzyme I level after the nicotinic acid 
administration has ceased. 

The rapid response following the ingestion of 200 gm. of fresh 
liver by one subject (M. K.) is very interesting. The degree of this 
response cannot be accounted for on the basis of the nicotinic acid 
content of the liver alone. The presence of other members of the 
vitamin B complex in the liver may be contributing factors (Vilter, 
Vilter, and Spies^®'’). 

A very large and rapid rise in the Coenzyme I level of the blood 
follows the feeding of 1800 mg. of nicotinic acid over a period of 
16 hours. In the two normal subjects studied, increases of 310 
and 152% were observed within 48 hours after the administration 
of the vitamin. In the one case studied completely, a fairly rapid 
fall was noted soon after the maximum peak was reached. 

The blood of pellagrin F. M. was normal in respect to its Coen- 
zyme I content before nicotinic acid therapy was begun. This 
observation checks that of Kohn and indicates that Coenzyme I 
analyses of blood cannot be used as a diagnostic test for pellagra. 
An increase of 144% was obtained after the administration of 2 gm. 
of nicotinic acid over a 4-day period. This level was maintained 
for 1 month by the daily feeding of 750 mg. of nicotinic acid. 

It is not reasonable to assume that the rapid rise in the Coenzyme 
I content of blood resulting from the administration of large amounts 
of nicotinic acid is caused by increases in the number of newly- 
formed cells containing abnormally large amounts of Coenzyme I. 
No change in hematocrit values was ever noted. We are inclined 
to the view that the nicotinic acid diffuses into the red blood cell 
from the plasma and is there utilized for the synthesis of the pyridine 
nucleotides. All of the Coenzjmie I is confined to the corpuscles. 
Thus the rate of Coenzyme I synthesis would be a function of the 
nicotinic acid concentration of the plasma, the rate of diffusion of 
nicotinic acid into the red blood cell being the controlling factor. 
Such a mechanism would explain the results obtained when different 
levels of nicotinic acid were fed. A similar mechanism has been 
suggested by Kohn and Klein.^^ A complete answer to this problem 
must await the results of studies correlating the rate of formation 
of Coenzyme I in the red blood cell with the nicotinic acid concen- 
tration of the plasma. This type of study would also tend to clarify, 
the present uncertainty regarding the explanation of the rapid fall 
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in Coenzyme I level after the feeding of large amounts of nicotinic 
acid has ceased. Is the normal rate of inactivation of Coenzyme I 
within the cell increased because of the presence of abnormally 
large amounts of that substance or does the increase in the rate of 
diffusion of Coenzyme I into the plasma account for the rapid fall 
in Coenzyme I level? The fa.ct that neither of the pyridine nucleo- 
tides is ever detected in the plasma may be accounted for by the 
rapid inactivation of these substances by enzymes in the plasma. 
The usual course of cell destruction with the subsequent formation 
of red blood cells containing the normal amount of Coenzyme I 
does not seem to account for the rapid fall in Coenzyme I level. 
We find it difficult to accept the statement offered by Kohn*^ that 
“some fundamental difference exists between the initial V-factor 
found in the corpuscle and the increment which is rapidly added.” 

The fact that the Coenzyme I level of blood can be increased 
by the ingestion of large amounts of nicotinic acid leads to the 
belief that the coenzyme content of other tissues of the body may 
be influenced in the same manner. It has been demonstrated by 
Axelrod, Madden, and Elvehjera,- that this cannot be accomplished 
in the case of rat tissues, but the analogy should not be carried over 
into the case of the human species since present lines of evidence 
indicate that the rat can synthesize nicotinic acid while the human 
certainly cannot perform such a synthesis. The possible effects of 
an increase in the Coenzyme I level of bod>- tissues with a corre- 
sponding increase in the general metabolic activity of these tissues 
becomes an interesting speculation. 

The failure to observe a decrease in the Coenzyme I level of the 
blood of dogs suffering from nicotinic acid deficiency checks with 
the finding that the Coenzyme I level of blood does not decrease 
in human pellagra. However, other tissues of the dog (liver and 
muscle) do show a marked decrease in their Coenzyme I content, 
and it is entirely conceivable that the corresponding tissues of a pel- 
lagrin also possess a lowered coenzyme content. 

Summary. 1. The Coenzyme I level of blood can be increased 
by the ingestion of large amounts of nicotinic acid. 

2. The observed increases in the Coenzyme I level of blood vary 
with the amount of nicotinic acid fed. 

3. The results of this study indicate that there is no diagnostic 
value to be obtained from determinations of Coenzyme I in border- 
line cases of deficiency disease. 
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INFLUENCE OF SEASON ON THE SEVERITY OF DIABETES 
AND ITS SCLEROTIC COMPLICATIONS. 

By Louis B. Oaa'^ens, M.D., 

INSTRUCTOR IN INTERN.-IL MEDICINE, UNIVERSITY OP CINCINNATI; DIRECTOR, DIABETIC 
CLINIC, CINCINNATI GENERAL HOSPITAL, 

AND 

Clarence A. Mills, M.D., 

PROFESSOR OF EXPERIMENTAL MEDICINE, UNIVERSITY OP CINCINNATI, 
CINCINNATI, OHIO. 

Diabetes as a disease seems definitelj’- to be most preAmlent and 
most seAmre among people liAdng in middle temperate latitudes, and 
to become more benign and less frequent toAA'ard tropical w^armth,® 
In middle temperate latitudes the disease also seems less trouble- 
some during the loAA^ered metabolic stress of summer Avarmtli, but 
no statistics supporting this milder summer course haAm yet been 
published. In this brief note yve aausIi to present an assay of the part 
season plays in diabetes seAmrity at Cincinnati. 

Feeling that frequency of hospital admission would provide a 
fairly A^alid index of disease severity, we surveyed the records of 
1094 diabetic patients admitted to this hospital from May, 1923, to 
October, 1938, noting the month and year of hospital admission 
and any important complications that Avere present. Since circula- 
tory stress and arteriosclerotic heart failure have been shown^ to be 
unfavorably influenced by the Avinter season, Ave set aside for sepa- 
rate analysis the cases coming in because of sclerotic or A’^ascular 
complications. Table 1 slioAvs the distribution of admissions by 
year, sclerotic and non-sclerotic, as they occurred summer and win- 
ter. Case frequency within each year Avas too Ioav for dividing the 
the year into its four regular seasons, so Ave have restricted ourselves 
to a single division of each year. The winter division was taken to 
include the 7 months, October to April, or 58.15% of the 5 mar, the 
remaining 5 being classed as summer, 41.85% of the year. This 
uneven division Avas made because April in Cincinnati maintains 
the storminess and Aveather stress of winter, Avith little of the relaxing 
effects of summer warmth. 

To investigate the effect of season upon admission frequency, 
we have compared the observed numbers of sclerotic and non- 
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sclerotic admissions in summer and winter wdtli a normal distribu- 
tion of case frequency, i. e., 58.15% for wunter and 41.85% for sum- 
mer if season plays no part. In Table 1, we see that in 13 out of the 
15 years the percentages of wunter admissions because of sclerotic 
complications rise above the normal 58.15%, leaving only 2 of the 
15 years in wdiich the summer admissions because of sclerotic com- 
plications rise above the normal expectancy of 41.85%. With non- 
sclerotic admissions, on the other hand, the number of summer 
admissions exceed the expected 41.85% in 11 out of the 15 years, 
only 4 years showung wunter admissions above the expected 58.15%, 
The non-sclerotic admissions deviated much less from their expected 
seasonal distributional percentages, how'ever, than did those coming 
in for sclerotic complications. 


Table 1.— Admissions of Diabetic Patients from Sclerotic and Non-sclerotic 
Causes (May, 1923, to September, 193S). 

Admissions as percentage of year’s total. 


Winter. Summer. 


Winter period. 


Summer period. 


Normal 

= 58.15 

Norma! 

= 41.85 

Oct. to 


Non- 

May to 


Non- 


Non- 


Non- 

April. 

Scierotic. sclerotic. 

Sept. 

Sclerotic, sclerotic. 

Sclerotic. 

sclerotic. 

Sclerotic. 

Bclcrotic. 

1923-4 

8 

11 

1923 

3 

8 

73 

58 

27 

42 

1924-5 

13 

14 

1924 

5 

20 

73 

41 

28 

59 

1925-6 

13 

30 

1925 

13 

17 

SO 

63 

50 

37 

■RljM 

■m 



3 

26 

77 

48 

23 

52 




1927 

4 . 

11 

73 

78 

27 

22 



22 

1928 

5 

17 

56 

56 

44 

44 

1929-30 

13 

27 

1929 

4 

36 

76 

43 

24 

57 

1930-31 

8 

30 

1930 

3 

19 

73 

61 

27 

39 

1931-32 

12 

20 

1931 

7 

15 

63 

57 

37 

43. 

1932-33 

15 

28 

1932 

4 

10 

79 

74 

21 

26 

1933-34 

31 

33 

1933 

4 

40 

89 

45 

11 

55 

1934-35 

25 

32 

1934 

8 

31 

76 

51 

24 

49 

1935-36 

26 

28 

1935 

3 

28 

90 

50 

10 

50 

1936-37 

43 

35 

1936 

8 

42 

84 

45 

16 

55 

1937-38 

21 

26 

1937 

3 

43 

87 

3S 

13 

62 


255 

399 


77 

363 

74.5 

53.9 

25.5 

46.1 


Handling the data mathematically, we find that the wunter 
sclerotic admissions exceeded the expected 58.15% by 15.33 =*= 2.05, 
wuth a corresponding deficit for the summer period. Winter non- 
sclerotic admissions fell 3.67 =fc 1.90 below' the expected 58.15% 
of the total, w^hile those of the summer show^ed the corresponding 
small rise above the expected 41,85%. The difference between the 
sclerotic and non-sclerotic groups in their seasonal admissions rates 
w^as 19.00 ± 2.80%. 

We see here a highly significant predominance of admissions for 
sclerotic complications in wunter as compared to summer. The 
deviation of 15.33 from the expected 58.15% is 7.5 times its owm 
probable error, meaning that such distribution wmuld occur by 
chance only once in several millions of times. The non-sclerotic 
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winter admissions, on the other hand, deviated only 3.67 below the 
expected percentage (and those of the summer a similar amount 
above), this deviation being less than twice its own probable error 
and without significance. 

' Of the 1094 patients, 29 were admitted because of arteriosclerotic 
heart failure. It seemed justifiable to include these cases in our 
general calculation. Their removal produced slight change in the 
results, although 26 of the 29 were admitted in the “winter” period. 
With their exclusion, “winter” sclerotic admissions deviated 16.00 ± 
2.11 above the expected 58.15%, while the non-sclerotic fell 4.00 ± 
1.94 below. It should be borne in mind that by “sclerotic” and 
“non-sclerotic” admissions, we are referring to the type of complica- 
, tion causing the patient’s entrance into the hospital. Many of the 
“non-sclerotic” admissions were of patients showing evidences of 
sclerosis, whose admissions into the hospital were not primarily 
because of the sclerotic complication but rather on account of the 
uncontrolled diabetic state. 

In Table 2 are listed the sclerotic complications responsible for 
332 of the total 1094 admissions, giving a rough idea of the part 
cardiovascular complications play in the diabetic picture at Cin- 
cinnati, with gangrene far outranking other sclerotic complications. 
Sclerotic complications were responsible for less than a third of the 
total diabetic admissions. 

Tabi,e 2.— Complications Causing Hospital Admission of Diabetics (by Age 





Groups). 






Arteri^ 

sclerotic 








and 

Arterio- 

Cerebral 

Chronic 





coronary 

sclerotic 

thrombosis 

nephritis 



Age. 


heart 

heart 

or 

and/or 



Gangrene. 

disease. 

failure. 

hemorrhage. 

uremia. 

Cataract. 

Total. 

0-9 






10-19 

1 






1 

20-29 






1 

1 

30-39 

2 

1 

1 

1 


1 

6 

40-49 

25 

7 

4 

4 

2 

1 

43 

50-59 

79 

6 

8 

6 

3 

1 

103 

60-69 

75 

23 

12 

8 

3 

4 

125 

70+ 

33 

8 

4 

5 

1 

2 

53 


— 

— 

— 

— 

— 



- 

Totals 

215 

45 

29 

24 

9 

10 

332 


From this statistical survey of hospital admissions, there would 
seem to be no evidence of seasonal effect on the severity of non- 
sclerotic diabetes at Cincinnati. This has been borne out also by 
a close check on the insulin needs of 20 well regulated diabetic 
patients observed for 2 years in the out-patient Diabetic Clinic. 
No difference could be found between summer and winter insulin 
needs, so long as the patients remained free of infectious fevers and 
adhered to their proper dietary regimen of fairly constant food 
intake the year round. Had a dietary increase been permitted dur- 
ing the more stimulating winter season, no doubt there would have 
been an accompanying increase in insulin need. 
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Others have reported increased winter liazards for tlie diaijetic 
from his most troublesome vascular complication — ^gangrene. In 
Minneapolis, Beard’ reported 95% of diabetic gangrenes as develop- 
ing during the winter months. Blotner and Fitz,'* in Boston, found 
61 % of gangrene cases to have an acute onset in the fall and winter 
months. Paulin® in his series of private patients at Atlanta, found 
no onset of diabetic gangrene from July to October, and a 79% 
occurrence from NoAmmber to March. This high winter incidence 
of diabetic gangrene Joslin'* attributes to lack of foot cleanliness 
during the cooler months, and he may be partially correct. But 
with all other vascular complications also showing increased severity 
in the cooler seasons, it would seem doubtful that lack of cleanli- 
ness would account for all the heightened winter gangrene hazards. 
Rather would one be inclined to attribute much of the winter trouble • 
to increased spasm in a hyperactive vasomotor system and lessened 
blood flow through the extremities in the colder months. 

Conclusions. The highly significant winter increase in admissions 
of diabetic patients whose diabetes is complicated by vascular 
troubles is due to the effect of the winter season upon the vascular 
complications and not to its effect upon the diabetic state. These 
findings verify the previously published data emphasizing the in- 
creased hazards of winter for arteriosclerotic and heart failure 
patients.^ 
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THE EFFECTS OF CIGARETTE SMOKING AND DEEP BREATH- 
ING ON THE PERIPHERAL VASCULAR SYSTEM. 
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Numerous studies of the effects of cigarette smoking on the 
peripheral circulation agree that smoking induces vasoconstriction. 
Bruce, Miller, and Hooker^ studied volumetrically the hands of 2 

* The expenses of this research were partially defr.ayed by the Philip Morris Fund. 
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patients and showed that smoking caused a fall in the volume of the 
hand. Similarly, Simici and Marcu^- reported that in 3 habitual 
smokers there was an immediate fall in hand volume from smoking, 
while in 5 non-smokers, a rise preceded the fall' in hand volume; in 
both groups the volume returned to normal- within 15 minutes. 
The effect was negligible when the smoke was filtered through 
cotton soaked with ferric chloride solution. Lampson^* studied 
20 subjects, using a modification of the original Hewlett method, 
and found that smoking resulted in a decrease in the blood inflow 
rate of from 57 to 83%. The fall lasted 60 minutes in those who 
inhaled the smoke and only 15 minutes in those who did not inhale. 

Haddock and Colleri®“ reported that smoking caused a fall of 
5.9° C. of the finger skin temperature. The smoking of cubebs, or 
the drawing of smoke through a water pipe or filtering it through 
ferric chloride virtually prevented the fall in skin temperature. 
Barker^ reported a drop in cutaneous temperature of “1.8° C. or 
more,” from excessive smoking (3 cigarettes in succession). Six 
of his 20 subjects showed no drop; 4 had a drop in finger temperature 
only; 5 in toe temperature only and 5 in both toes and fingers. 
Johnson and Shorri^ reported that smoking caused an average drop 
of 4.3° F. in 88% of 26 habitual smokers and a drop of 3.2° F. in 
3 of 8 non-smokers. Wright and Moffat^^ reported that all of their 
subjects who smoked a standard cigarette showed a drop in finger 
temperature averaging 5.3° F., while those who smoked denicotin- 
ized cigarettes had a fall of 4.8° F. They also concluded that 
“smoking without inhaling resulted in decreased effects on the 
surface temperature at the finger tips.” Gamliel® in a study of 
cigarette smoking on 16 subjects failed to obtain any consistent 
effect on the skin temperature. Wright,^^ from observations of the 
capillaries at the finger nail-fold, described a slowing and often a 
stasis of the capillary circulation which was “appreciable only 
when the smoker inhales.” He noted a “timal relationship to the 
deep inhalations” of the smoke, but concluded that “deep breath- 
ing of room atmosphere did not in any instance produce this result.” 

However, it has been shown that deep inhalations of air resulted 
in a shrinkage of the volume of the fingers,®-® and of the hand and 
forearm.®® This loss in volume from a deep inhalation is due to 
arteriolar constriction in the hand and forearm.^®-!®'®^ Bolton, 
Carmichael and Sturup® showed that the vasoconstriction was 
• reflex and depended upon intact vasomotor nerves. Because deep 
breathing is practised during the act of inhaling cigarette smoke and 
because the evidence offered in the literature on the vasomotor 
effects of smoking is inconclusive, the demonstration of arteriolar 
vasoconstriction in the hand from deep breathing has necessitated 
a reinvestigation of the subject. We have compared the effects of 
deep breathing and of smoking on the peripheral vascular system 
and have been able to demonstrate that the vasoconstriction as 
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shown by the fall in hand volume and the loss in skin temperature 
is largely due to the deep breathing performed during the act of 
smoking. 

Method. The vascular status of the hand and lower forearm was deter- 
mined by the use of 5 separate methods: 1, The pressure plethysmograph 
of Hewlett and Van Zwaluwenburg/® which measures the rate of blood 
inflow into the hand; 2, the simple plethysmograph which measures the 
changes in volume of the blood in the hand ; 3, the skin calorimeter which 
is an indicator of the available heat of the skin; 4, the registering therniopyle 
which measures the temperature of the skin; 5, microscopic observation of 
the capillary tufts at the nail-fold, which reveals the condition of the minute 
vessels and the behavior of the blood within them. Methods 1 and 2 
measure the total flow through the lower forearm and hand and 3, 4 and 5 
measure the blood flow through the skin of the fingers only. A more de- 
tailed description of the 5 methods has been made elsewhere.^® 

With Methods 1, 2 and 3 the subject must maintain the arm complete^ 
immobile lest movement mar the tracing. A dental chair insures comfort 
while the hand, usually the right, remains within the apparatus. For tlie 
simple plethysmograph experiments the subjects must remain especially 
quiet, therefore during the smoking, the cigarette was held by the observer 
and was brought to the lips of the subject every 30 seconds, for from 9 to 
12 puffs. The subject was allowed to rest for at least hour before any 
procedure was begun in order to insure a basal state of blood flow. . The 
room temperature was usually about 25° C. and the relative humidity 
between 50 and 60. All subjects were studied thoroughly before, during, 
and after smoking. Each observation period consumed from 1 to 2 hours, 
the 5 methods requiring at least 4 sessions for each subject. Only one cigar- 
ette was smoked during an experimental period except when otherwise 
noted. Although the. subjects were requested to refrain from smoking for 
at least 1 hour before coming to the laboratory, none of them were asked 
to smoke sooner than T| hours after the experiment was begun. The effects 
from smoking standard cigarettes were also compared with the effects from 
denicotinized cigarettes. The latter were either plain or filtered through 
s. cigarette by means of a Zeus holder, in which manner much of the nico- 
tine“ and tar^^ were removed from the cigarette smoke as it filtered through 
the unburnt tobacco. Occasionally, both a standard brand cigarette and 
a denicotinized cigarette were smoked during one experimental period. 

The responsiveness of the peripheral vascular system of each subject 
was tested prior to any smoking by a series of 10 deep breaths, often by a 
single deep breath, and by a painful pinch of the skin of the forearm. The 
vasomotor responses of the hand to the deep breathing were compared 
with the effects of smoking, any qualitative differences being attributable 
specifically to the smoke. Each of the 10 deep breaths was taken at 15- 
second intervals. The average number of inhalations of smoke taken by 
the “inhale” groups was 11.2 (7 to 22) in 7.7 minutes, and the average num- 
ber of puffs taken by’the “non-inhale” group was 21 (16 to 25) in 7.8 min- 
utes. As a rule, the hand volume, measured with the plethysmograph, and ^ 
the skin calorimeter determinations were made simultaneously throughout ’ 
the smoking period and for 15 minutes after the subject stopped smoking. 
The 21 subjects used in this study were medical and dental students of the 
second year class. There were 17 habitual smokers who inhaled and who 
had been smoking about a package of cigarettes a day for an average of 
6.4 years. 

Results. Hewlett Method. The hand is placed in a plethys- 
mograph which is recording upon a kymograph. A 70 mm. Hg 
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pressure is applied suddenly to the forearm by means of a 5 cm. 
cuff placed just above the diaphragm of the plethysmograph and 
the increment in hand volume is recorded. Each increment tracing 
consists of 2 or more parts, namely: the initial ascent, which indi- 
cates the rate of blood inflow and is computed in cubic centimeters 
per minute per 100 cc. of hand volume; and a secondary less steep 
slope, which gradually approaches the horizontal within 1 minute 
of the application of the pressure. The height thus attained is 
designated as “capacity volume,” and depends upon the tonus of 
the blood-vessels, the number of patent minute vessels, and upon 
the arteriolar pressure just prior to the application of the obstruct- 
ing pressure. The method is discontinuous, and a minimum of 2 
minutes is allowed to elapse between readings. Tables 1 and 2 
show the results obtained by the Hewlett method on the rate of 
blood inflow and on the “capacity volume” from smoking and from 
deep breathing. 


Table 1.— Blood Inflow Rates Obtained With the Hewlett Method. 


[No. of 
6«b- 
incts. 

Inflow rates 
oc. per min. 
per 100 cc. 
hand vol. 

Per cent 
change. 

j. 

1 

Procedure. 


Before. 

jVfter. 




17 

9.1 



Basal after | hour rest. 

10 

8.9 

4.6 

-48 

After 10 deep breaths taken in 
2.5 minutes 

9 of these sub- 
jects are in 
j both groups. 

1 

11 

9.G 

6.4 

-33 

During smoking (inhaling) for 
7.7 minutes j 

7 

9.4 

13.2 

+40 

After 10 deep breaths taken in 
2.5 minutes 

5 of these sub- 
jects are in 
both groups. 

6 

8.1 

11.9 

+47 

During smoking (inhaling) for 
7.7 minutes 


“Inhale” Group. The average rate of blood inflow in 17 subjects 
at rest was found to be 9.1 cc. per 100 cc. of hand volume per minute. 
The blood inflow rate in 10 of the 17 subjects dropped on an average 
of 4.3 cc. (48%) immediately following 10 deep breaths. During 
the smoking of a cigarette the average inflow rate fell 3.2 cc. (33%) 
in 11 of the 17 subjects. Nine of the 10 subjects who showed a fall 
in rate of inflow from deep breathing also showed a fall from cigar- 
ette smoking. The similarity of response from the 2 procedures ' 
in many of the subjects suggests that the vasomotor reaction to the 
smoking of a cigarette is due in part to the accompanying deep 
inhalations. 







712 


MULINOS, shuljian: 


The capacity volume in 16 subjects at rest averaged 11.3 cc. 
After 10 deep breaths, 10 subjects showed a rise from a resting vol- 
ume of 10.6 cc. to an average of 16.6 cc., an increase of 6.0 cc. 
(57%). During cigarette smoking, the volume rose in 11 of the 
16 subjects from a resting level of 10.2 cc. to an average of 14.2 cc., 
an increase of 39%. Six of these continued high for at least 10 
minutes upon cessation of smoking while the others fell to normal. 


Table 2. — Capacity Voleme op the Hand. 
(One Minute After 70 mm. Hg Pressure to Forearm.) 


No. of 
sub- 
jects. 

Capacity, 
vol. in cc. 

Per cent 
change. 

Procedure 

Before. | 

After. 

16 

11.3 



Basal after J hour rest. 

10 

10.6 

16.6 

! 

+57 

After 10 deep breaths taken in 
2.5 minutes 

1 

9 of these sub- 
jects are in 
both groups. 

11 

10.2 

14.2 

j 

i +39 

During smoking (inhaling) for 
7.7 minutes 

3 

1 14,3 

i 

11.7 

-18 

After 10 deep breaths taken in 1 
2.5 minutes j 

2 of these sub- 
jects are in 
both groups. 

2 

15.7 

i 

1 11.3 

I 

i ! 

j During smoking (inhaling) for 1 
I 7.7 minutes | 

2 

10 

10.3 

• • 

After 10 deep breaths taken in | 
2.5 minutes ' 

1 of these sub- 
jects is in 
both groups. 

3 

14 

i 13.8 

1 


" t 

1 During smoking (inhaling) for J 

7.7 minutes 1 

i ! 


Nine of the 16 subjects showed a rise in volume both after the 10 
deep breaths and after smoking. The arteriolar vasoconstriction 
from deep breathing results in a partial emptying of the more periph- 
eral minute vessels. These are stretched and refilled again when 
the collecting pressure is applied. Therefore, when, after a deep 
breath, the venous outflow is obstructed Avith a 70 mm. Hg pressure 
there is added to the resting level “capacity” blood volume of the 
hand that amount of blood which has been lost. This rise in capac- 
ity volume is therefore not a true increase in the amount of blood 
held in the hand but is actually a measure of the amount of blood 
which had escaped due to the vasoconstriction. These losses Avere 
6.1 cc. from 10 deep breaths and 4.0 cc. from cigarette smoking, 
and compare well with the volume reductions obtained Avith the 
simple plethysmograph (see p. 713). Figure 1 illustrates the usual 
effect on the blood inflow rate and capacity volume of the hand 
from 10 deep breaths and from cigarette smoking. 
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“Non-inhale” Group. In 4 subjects the average resting blood 
inflow rate was 8.9 cc. Following 10 deep breaths all 4 decreased in 
rate an average of 4.9 cc. Simple puffing of smoke eaused an average 
decrease in rate of 3.7 cc. in 3 of the subjects, and no change in 1 

subject. _ / 

In 2 of the subjects 10 deep breaths caused a rise in capacity 
volume” of 2.5 cc. and 2.0 cc.; and in 2 there was a fall of 4.5 cc. and 
0.5 cc. Puffing of cigarette smoke decreased the “capacity volume” 
by 0.3, 0.7, and 4.2 cc., and increased it in the fourth subject by 
2.6 cc. 



Fig. 1. — Records of blood inflow rate of right hand made with the Hewlett method 
showing the similar effects obtained from 10 deep breaths and from smoking a stand- 
ard brand cigarette. Curves 10 and 13 are normal and represent an inflow rate of 
10.6 cc. per min. per 100 cc. of hand volume and a “capacity hand volume” of 7 cc. 
Curve 11 represents an inflow rate of 18.3 cc. and a “capacity hand volume" of 19.5 cc. 
Curves 14, 15, and 16 represent an average inflow rate of 13.8 cc. and an average 
“capacity hand volume” of 15.3 cc. Smoking time is 7 minutes. Time is in seconds. 

The Simple Plethysmograph. This method, in which the 
pressure cuff is not used, has the advantage of being continuous. 
It has been used to measure changes in the volume of the hand 
resulting from deep breathing or from smoking. The results are 
given in cubic centimeters of volume change and are not corrected 
for unit volume of the hand. Only differences greater than 0.5 cc. 
are considered as significant. The figures yielded by the simple 
plethysmograph are of themselves difficult to interpret. The fall 
in volume of the hand which occurs from deep breaths of air or of 
smoke represents a loss of blood from the part within the plethysmo- 
graph. This loss may be due to a decrease in the inflow rate, to 
a fall in arteriolar pressure, or to a constriction or obliteration of 
some of the minute vessels. The experiments were performed upon 
17 subjects, of whom 15 inhaled; and 2 merely puff-smoked the 
cigarette. 

“Inhale” Group. Nine of the 15 subjects who inhaled smoke 
from a standard cigarette showed a greater loss in hand volume 
(10.8 cc.) than from 10 deep breaths (6.8 cc.). Four subjects gave 
a loss in hand volume of 7.6 cc. from 10 deep breaths as compared 
to a loss of 5.1 cc. from the smoking of a cigarette; 1 showed the 
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same loss from both procedures and 1 showed a rise in volume of 
1.5 cc. from smoking and a fall of 6.5 cc. from deep breathing. How- 
ever, repeated observations upon these subjects disclosed large 
variations in response from day to day and occasionally a reversal 
of the smoking: 10-deep-breath relationship. 

Ten subjects smoked commercial denicotinized cigarettes and the 
effects were compared with those from the smoking of standard 
cigarettes or from 10 deep breaths. In 9 of these, the smoke from 
the denicotinized cigarette was filtered in order to lower further 
the nicotine content of the smoke. The smoldng of denicotinized 
cigarettes caused a loss of hand volume averaging 11.7 cc., larger 
by 0.9 cc. than the average loss from the smoking of standard cigar- 
ettes. Three subjects who showed a small fall in hand volume from 
the smoking of the denicotinized cigarette showed immediately 
upon recovery a similar small fall from a standard cigarette. The 
similarity of response to the two tj^ies of cigarettes suggests that 
the nicotine content of the smoke plays a minor part in the causation 
of the fall in hand volume. 

“Non-inhale" Grouf. There were 2 subjects, one of whom 
showed a loss of 7 cc. from both 10 deep breaths and from cigarette 
smoking; the other showed a loss in hand vohnne from deep breath- 
ing 12 cc. greater than from smoking. 

Skin Calorimeter. The available heat at the finger-tip was 
measured by the apparatus of Mulinos and Shulman,^® The E. M. F. 
from a “conducting” thermocouple was recorded by a sensitive 
galvanometer which was calibrated to give a deviation of 5 cm. per 
degree temperature change between the variable and "cold” junc- 
tions. Only changes greater than 0.5 cm. were considered as being 
significant. This apparatus has the advantage that it responds more 
quickly than the usual skin thermometer thermocouple to small 
changes in blood flow in the skin. By this means we were enabled 
to detect a change in skin blood flow from a single deep breath.^® 

“Inhale” Group. Eleven of the 16 subjects showed a greater 
fall of available heat from the finger due to smoking a standard 
cigarette than from 10 deep breaths. Two subjects showed a similar 
fall from the two procedures while 3 showed a greater fall from 10 
deep breaths. One of tliese subjects who had previously shown a 
rise in hand volume from smoking now had an increase in the avail- 
able heat; whereas deep breathing always resulted in a fall. Eight 
subjects who smoked commercial denicotinized cigarettes showed 
a fall in available heat. In 4 the fall was equal to or greater than 
that from a standard cigarette. The effects of smoking a standard 
cigarette - were determined a second time on 5 subjects. Four 
showed a smaller fall in available heat and one a greater fall when 
compared with tlie previous smoldng and demonstrates the varia- 
bility of the reaction. 

“Non-inhale” Group. Three of 4 subjects had a greater fall in 
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available heat from 10 deep breaths than from puffing cigarette 
smoke. The fall due to puffing a standard brand cigarette was less 
than from deep breathing or from the inhaling of sinoke. 

Skin Temperatures. The skin of a finger provides the most 
sensitive temperature gauge of the circulation to the skin of the 
limb as a whole. The skin temperature was determined by means 
of a thermopyle composed of 48 thermo-junctions of silver constan- 
tan.i® The electromotive force developed by the thermopyle was 
recorded on a Micromax millivolt meter calibrated to read in degrees. 

The skin temperature is always above that of the room except 
when the circulation is arrested and evaporation is occurring. In 
our apparatus the thermo-junctions are covered completely by the 
skin of the finger, so that any sweat which may occur does not 
evaporate so readily, nor are currents of air so likely to affect the 
temperature of the junctions as is the case with some of the single 
couples available for this type of work. It has been shown that the 
fall in skin temperature due to complete obstruction of blood flow 
is proportional to the difference between the room temperature and 
the skin temperature.^* Complete obstruction of all blood flow in 
the forearm for 5 minutes resulted in a fall in skin temperature of 
about 32% of the skin temperature-room temperature difference. 
Lewis obtained a fall of 7° C. from an obstruction of 34 minutes or 
a 64% differential. From these figures it is obvious that drops in 
skin temperature of as high as 15.5° F. (9.7° C.) which represent 
differentials from 80 to 1004-% reported by Wright and Moffat 
to result from smoldng must have been due to factors not operative 
in our own technique. The maximum fall in skin temperature 
observed by us was 2.8° C., a figure which agrees well with those 
reported by Barker^ and by Lampson.^* 

Thirteen of the 19 subjects studied showed a greater average 
drop (0.79° C.) from cigarette smoking than from deep breathing 
(Fig. 2). In the: “inhale” group the drop in skin temperature varied 
from 0.35° C. to 2.18° C. and in the “non-inhale” group from 0.24° C. 
to 0.51° C. The slight fall in skin temperature from puffing corrob- 
orates both the results obtained by the other procedures and those 
reported in the literature.' 

Five subjects showed a smaller fall (0.53° C.) in.skin temperature 
from inhaling than from 10 deep breaths (Fig. 3), and one subject 
had the same fall from both procedures. The fall in skin tem- 
perature from 10 deep breaths varied from 0.35° C. to 2.27° C., 
figures which are not very much different from those obtained from 
inhaling of smoke. 

The skin temperature in 10 of the 19 subjects returned to normal 
in from 2 to 10 minutes after cessation of smoking; 5 subjects were 
one-half to three-fourths recovered within 7 minutes, the experi- 
ment having been terminated due to restlessness; 2 subjects returned 
to their normal skin temperature during the smoking of the cigarette 
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while 1 subject showed no recovery after 45 minutes. The fall in 
skin temperature from 10 deep breaths was recovered from on an 
average of 4.1 minutes (2 to 9). 



MINUTES 

Fig. 2.— The effect of 10 deep breaths and of smoking upon the finger skin tem- 
perature. This is a graph representative of 13 subjects who reacted more to smoking 
than to deep breathing. Dotted line: 10 deep breaths taken between B and C. 
Solid line; smoking a standard brand cigarette from A to D. 



Fig. 3. — A graph of finger skin temperature as in Figure 2. This is representative of 
5 subjects who reacted more to deep breathing than to smoking. 


Capillary Observations. These were made at the nail-fold of 
the finger using the Leitz Ultropak microscope objective- With tliis 
instrument it is possible to note the length, width, and tortuosity of 
the capillary tufts; their number and the approximate rate of blood 
flow through them. Small changes in the rate of flow through the 
capillary tuft are difficult to observe, while long observation periods 
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reveal obvious changes in blood flow rates which are apparently 
''spontaneous.” Deep breathing, sighing, coughing, or talking 
result in such changes, and make interpretation difficult. In 80% 
of 45 subjects a deep breath was followed by a complete cessation of 
the blood flow in the tufts, lasting from 3 to 5 seconds. Blood flow 
within the tufts appeared to have returned to the normal rate 
within 5 to 15 seconds after the deep breath.^® 

“Inhale” Group. Of 16 subjects observed, 11 showed a timal 
relationship between the inhaling of the cigarette smoke and the 
slowing or stopping of the flow through the capillaries; 3 showed a 
slowing independent of the inhalations and in 2 there was no effect. 
In 13 of these subjects a single deep breath was followed by complete 
cessation of blood flow through the capillary tuft, and in 3 there 
was slowing but no stoppage. Wright^^ likewise noted that the 
slowing of the capillary flow seemed appreciable only when the 
smoker inhaled. However, he stated that deep breathing of room 
air alone did not in any instance produce this result. 

“Non-inhale” Group. None of the 4 subjects who puffed cigar- 
ette smoke showed a cessation in capillary blood flow although there 
was some slight slowing. A deep breath resulted in complete cessa- 
tion of blood flow in 3 of the 4 subjects. 

Discussion. Cigarette smoking is usually accompanied by deep 
inhalations of the smoke which is taken into the mouth, so that the 
inhaler absorbs more of the nicotine and other products of tobacco 
combustion and exposes a greater mucous surface to the irritant 
properties of the smoke than would be the case if inhalation were 
not practised. The vasoconstrictor response to a pinch® or other 
painful stimuli, and to the inhalation of ammonia,^® suggests that 
irritation may play a part in the production of peripheral vaso- 
constriction. However, vasoconstriction has been shown to result 
from the deep inhalation of air alone.®-^® The act of inhaling cigar- 
ette smoke, therefore, is associated with three factors each of which 
may independently produce peripheral vasoconstriction. These 
are; 1, the pharmacologic activity of the constituents of the smoke 
(nicotine, etc.); 2, irritation; and 3, the deep inhalation. The com- 
bination of all three factors results in a greater effect than does any 
one alone. 

In the present^study, we attempt to determine the importance of 
each of these factors in the production of the vasoconstriction from 
smoking. With the five methods described, it has been possible to 
prove that the inhalation of smoke results in constriction of the 
arterioles of the forearm and hand indistinguishable from the con- 
striction Avhich follows deep breathing. Haddock and Coller,’®® 
Wright,24 and Lampson^® had already made the observation herein 
confirmed that only smokers who inhaled showed any considerable 
fall in skin temperature or reduction in the blood inflow rate. 

Numerous facts militate against the assumption that much of the 
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vasoconstriction from the inhalation of cigarette smoke is due to 
nicotine, despite the fact that Maddock and Coller*®*' found that 
“nicotine administered intravenously in quantities not greater 
than that theoretically absorbed in the smoldng of 1 or 2 cigarettes 
produced comparatively analogous changes.” Baumberger- has 
shown that the smoker retains 88.2% of the smoke which he inhales 
and 66.7 % when puffing alone is practised. In our experiments, the 
subjects who inhaled the smoke took but 11 inhalations as against 
21 puffs for the “non-inhalers.” It is possible that the total amount 
of nicotine retained by the “non-inhale” group is greater than in the 
group that inhaled, yet the subjects who inhaled the smoke showed 
the greater and more persistent vasoconstriction. It may be that 
of the nicotine which was abstracted by the mucous membranes, 
more was absorbed from the lungs than from the mouth. Further- 
more, we were able to confirm Wright and Moffat-® and Johnson 
and ShorB- in their observations that heavy smokers show well 
developed vasoconstriction, despite the fact that systemic reactions 
are less likely to occur in such subjects than in occasional smokers, 
Wright and Moffat^® stated that “there was no appreciable effect 
on the forehead temperature during any of these experiments,” and 
Maddock and Coller'®® had failed to obtain vasoconstriction of the 
skin at the waist. This selective action of nicotine is pharmaco- 
logically unlikely. 

Further confirmation of the secondary importance of nicotine is 
to be found in the facts adduced in the present report (a) that the 
smoke from “denicotinized” cigarettes was as effective in eliciting 
vasoconstriction as was the smoke from standard cigarettes; (&) 
that the inhalation of air alone caused vasoconstriction nearly 
equal to that following the inhalation of smoke; and (c) that 3 sub- 
jects who smoked a standard cigarette unusually rapidly became 
dizzy, pale and weak, with beads of perspiration appearing on the 
forehead. All developed nausea and one vomited, yet neither by 
the Hewlett nor by the plethysmograph methods could there be 
demonstrated any vasoconstriction in the hand ■ that could be 
ascribed to the smoking. The experiments performed on these 
subjects were not included in the above report because we felt that 
the smoker voluntarily stopped short of being sick and we wished 
to limit our observations to “physiological” smoking. Segal“ has 
found that the smoking of standard or of denicotinized cigarettes 
produced identical changes on the electrocardiogram: an increase 
in heart rate, and a lowering of the T-wave. Carlson® found that 
the promptness with which the gastric hunger contractions were 
inhibited by smoking 1 cigarette indicated a reflex rather than a 
nicotine inhibition. Schnedorf and Ivy^® found that smoking 
stimulated the flow of saliva reflexly, for the flow of saliva was not 
increased by the nicotine absorbed from 2 or 3 cigarettes. In 20 
ulcer patients the differences between the decrease in acidity ob- 
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tained with denicotinized and with ordinary cigarettes were not 
statistically significant. 

The degree of vascular reaction to smoking varies markedly in 
different individuals and in the same subject from day to day. This 
variation occurs also to deep breathing;*® to a pinch® or to smelling 
salts. Baumberger^ has shown that the weight of the smoke taken 
into the mouth varied from 0.1 to 6.9 mg. per puff, and Jensen and 
Haley,** determining nicotine chemically, concluded that the com- 
position of the smoke varied inversely as the moisture of the cigar- 
ettes; directly to the strength of the puff and to the length of cigar- 
ette already smoked.*^ In view of so many factors which may con- 
tribute to the variability of the vascular reaction to smoking, it 
is necessary to perform numerous comparative experiments upon a 
number of well controlled individuals, the reactions of whom thus 
become established by experiment. During any single experimental 
period the subject should be tested with such procedures as deep 
breathing, pinching, and so on, before and after the crucial pro- 
cedure. Only in this way can one evaluate the extraneous factors 
enumerated above. 

Summary. Using 5 different methods, an analysis of the response 
of the peripheral vascular system to smoking and deep breathing 
has led to the following conclusions; 

1. Deep breathing alone can account for the greater part of the 
decreased blood inflow rate, the loss of hand volume and the drop 
in skin temperature of the hand resulting from the inhalation of 
cigarette 'smoke. 

2. The subjects who did not inhale cigarette smoke showed a 
greater vascular response of the hand from 10 deep breaths than from 
the puffing, and a lesser response than those who inhaled the cigar- 
ette smoke. 

3. Inhaling the smoke from denicotinized cigarettes resulted in 
as great and occasionally greater vasoconstriction than the inhaling 
of the smoke from a standard brand cigarette. 

4. The degree of response of the peripheral vascular system varies 
markedly among individuals and in the same subject from day to 
day. 

5. The vasoconstriction due to smoking lasts about 15 minutes 
(7 to 45). These figures are at variance with the conclusion that 
"If .... a patient should smoke 1 cigarette an hour he would 
depress his peripheral circulation during the entire day.”*® 
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Sclerosing Therapy. The Injection Treatment of Hernia, Hydrocele, 
Varicose Veins and Hemorrhoids. Edited by Frank C. Yeomans, 
M.D., F.A.C.S., M.R.S.M. (Lond., Hon.), Professor of Proctology and 
Attending Surgeon, New York Polyclinic Medical School and Hospital, 
etc. Pp. 336; 117 illustrations. Baltimore: The Williams & Wilkins 
Company, 1939. Price, S6.00. 

The rise of the use of sclerosing solutions in the treatment of various 
types of surgical diseases has made a place for this volume. It concerns 
especially the use of sclerosing solutions in the treatment of hernia, hydro- 
cele, varicose veins and hemorrhoids. Each section is mittp by a man who 
speaks with some authority due to a wide clinical experience. The first 
section is on the injection treatment of hernia by Dr. Bratrud, who points 
out that the success of this measure depends upon a thorough understanding 
of the anatomy of the inguinal region. The section is well illustrated by 
drawings and photographs. An excellent chapter on trusses emphasizes 
that the success or failure of the treatment depends on the satisfactory 
fitting of the truss. In the chapter on the technique, he describes and illus- 
trates his method of injection and enumerates the various solutions which 
he uses. He injects not onty direct and indirect inguinal hernias but also 
femoral and umbilical hernias. He found a recurrence of 9% in indirect 
in^inal hernias, 18% in bilateral indirect hernias and 17% in direct in- 
guinal hernias. Recurrence was very low in the younger age group, and 
greatest in patients between 50 and 60 years of age. However, many cases 
which had been accepted for injection treatment had very definite contra- 
indications for surgery. He recommends the injection treatment for recur- 
rences of hernia following operation. Part II, on the injection treatment 
of hydrocele and written % Dr. Hoch, is relatively short and well illustrated 
by McNett. Hoch aspirates the fluid from the hydrocele and injects a 
solution of quinine hydrochloride 13.33% with urethane 6.66%, usually 
injecting 2 to 4 cc. If recurrences appear, aspiration and injection may be 
repeated. Part III, on the injection treatment of varicose veins (by Dr. 
Shelley), takes up the history of this procedure, the anatom of the veins 
of the legs, the causes of varicose veins, symptomatology, diagnosis and 
the various tests used. The techniques of injection and of ligation of the 
veins are those which are commonly employed. The author gives a very 
good chapter on the treatment of couqjiice.ii.ins liu'i insists upon the patient 
being ambulatory after injection if possible. Part IV, a discussion of the 
injection treatment of hemorrhoids (Dr. Yeomans) is written largely from 
the experience of the author. He states that his results in a large number 
of cases has been very satisfactory, with no deaths or serious complications. 
The book is one for use by young men who are willing and anxious to learn 
this relatively new type of treatment of various surgical lesions. It is well 
printed and well illustrated and is a definite contribution to its field. 

L. F. 


Biological Products. By Louis Gershenpeld, P.D., B.Sc., Ph.M., 
Professor of Bacteriology and Hygiene, and Director of the Bacteriological 
and Clinical Chemistry Laboratories at the Philadelphia College of 
Pharmacy and Science, etc. Pp. 242; illustrated. New York: Romaine 
Pierson Publishers, Inc., 1939. Price, 84.00. 

The details of manufacture are given for the various products included 
under the term “biological products,” such as the antitoxic sera, anti- 
bacterial sera, vaccines, toxoids and the numerous products employed for 
diagnosis and treatment in the various allergic conditions. Such a compila- 
tion of information should be of help to teachers and research workers. 
Vitamin products and glandular products are not included. H. M. 
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Beyond the Clinical Frontiers. By Edward A. Strbcker, 

Sc D Litt D., M.D., Professor of Psychiatry m the Undergraduate and 
Graduate Schools of Medicine, University of Pennsylvania, and Con^l- 
tant and Chief-of-Service, Institute of the Pennsylvania Hospital. Pp. 
210. New York: W. W. Norton & Co., Inc., 1940. Price, $2.00. 

In this volume, one of the Salmon Memorial Lectures, the writer en- 
deavors to show a relationship between the mentally ill, the nomally 
thinking individuals and crowd mass behavior. Some of the subjects dis- 
cussed follow ; The retreat from reality in the psychoses and psychoneuroses 
each individual’s life in a private world of his own making; a few of the 
natural, artificial and pathologic aids for softening hard realities; the every- 
day prototypes of sjTnptoms of mental disease; the ''mores^^ of mental ^ 
patients "which may not be altogether without profit to civihzed culture; 
the serious predicaments of our civilization, the great need for mental 
hygiene; and the stimulating analogy of physical hy^ene. Suggestions 
toward combatting some of our cultural evils. This thesis shows a compro- 
mise between a popular and a technical rendering. The bibliography 
includes current fiction. N. Y. 


The Inter-relationship of Mind and Body. (The Proceedings of the 
Association; New York, December 27 and 28, 1938). Editorial Board: 
Foster Kennedy, Angus M. Frantz and Clarence C. Hare. _ Pp. 
381; 28 illustrations and 10 tables. Baltimore: The Williams & Wilkins 
Company, 1939. Price, $6.00. 

Of the 22 collaborators, most are members of the Association for Re- 
search in Nervous and Mental Disease. The introductory chapter is by 
Foster Kennedy. There are other important chapters on heredity, hy 
A. Myerson; electrical activity of the brain, by Hallowell Davis and Pauline 
A. Davis; mental and emotional changes produced by diseases of the brain, 
by T. J. Putnam; effects of chemical and hormonal agents, by K. M. 
Bowman; of barbiturates and bromides, by F. J. Curran; of benzedrine, by 
W. Bloomberg; of Marihuana, by Walter Bromberg; physiologic changes in 
emotional states, by J. C. Whitehorn; psychotherapeutic effects by chemical 
agents, by Manfred Sakel. Wliy mental and emotional are repeatedly 
referred to as though separate, is not clear— the mental is formed by the 
emotioml and intellectual. The Association’s high scientific purpose is 
maintained in this book. There is a copious bibhography and an informa- 
tive index. N. Y. 


Mineral Metabolism. By Alfred T. Shohl, M.D., Research Associate 
in Pediatrics, Harvard University (American Chemical Society Mono- 
graph Series). Pp. 384; 13 illustrations and 41 tables. New York: Rein- 
hold Publishing Corp., 1939. Price, $5.00. 


awaited monograph fulfills the expectations of those acquainted 
with its preparation. It succeeds admirably in its discussion of the role 
A various minerals in the structure and function of the human body. 
^ the fisld of mineral metabolism is now the subject of vigorous investiga- 
tion and IS rapidly expanding, it is only to be expected that the presentation 
fields IS not completely up to date. 

The material presented is selected from data gathered on human subjects, 
supplemented with discussions of experimental results upon laboratory 
nimals wherever these data are important in arriving at an understanding 
e no^al phpiology of the body. Pathologic material is used to illus- 
mechanisms of the normal mineral metabolism, 
olinntor ^11 of the data upon each element within a single 

cnapter, the material is scattered throughout the book, and only brief 
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Under specific treatment the authors discuss their experiences with the 
use of Brucellin, which they believe to be of value in certain cases, ine 
administration of mixed typhoid and paratyphoid vaccine intravenously 
is referred to briefly, but, in view of the experience of others, _ this lonn ot 
therapy warrants more extensive discussion. Sulfanilamide is recognized 
as having given some promising results but as being far from a specific 

for Brucellosis. . , 

No mention is made, under general therapeutic measures, as to the 
eradication of possible foci of infection, an item that we believe to be of 
some importance. H. F. 


Nomenclature and Criteria for Diagnosis of Diseases of the Heart. 
By the Criteria Committee of the New York Heart Association. Arthur 
C. DeGraff, M.D., Clarence E. de la Chapelle, M.D., Cary Eggles- 
ton, M.D., Charles E. Kossmann, M.D., Robert L. Levy, M.D., 
John B. Schwedel, M.D., and Harold E. B. Pardee, M.D., Chairman. 
Pp. 282; 52 illustrations. Fourth Edition. New York: New York 
Heart Association, a Division of New York Tuberculosis and Health 
Assn., 1939. Price, $2.00. 

The present edition of this well known book shows considerable revision 
from the third edition and includes new material, notably a new section on 
Pathological Diagnosis. 

It should be available to all who make cardiac diagnoses and should be 
read by all interested in heart diseases. It should be the primer of the new 
crop of heart specialists now coming on. The work has been weU done and 
reflects great credit on the Committee. One cannot doubt that it will 
serve its chief purposes, which are to elevate the general standards of car- 
diac diagnosis and to bring about more uniformity of diagnostic nomen- 
clature. Even those sturdy survivors of a happier era who object to being 
standardized will probably find few grounds for quarrel with the Committee. 

C. W. 


Viruses and Virus Diseases (Lane Medical Lectures) (Stanford Uni- 
versity Publications, University Series, Medical Sciences, Vol. IV, No. 1). 
By Thomas M. Rivers, M.D., Sc.D., Director, Hospital of the Rocke- 
feller Institute for Medical Research, New York City. Pp. 133; 34 illus- 
trations. Stanford University: Stanford University Press, 1939. Price, 
Paper, $1.75; cloth, $2.50. 

Of the five lectures of this series of the well known Lane Medical Lectures, 
the first is devoted to lymphocytic choriomeningitis, presenting the clinical 
picture of the first patient from whom the virus was obtained and the 
manner in which the virus was shown to be the cause of the malady. Lec- 
ture two concerns the pathology of viruses in which the cytoplasmic inclu- 
sion bodies of fowl-pox, molluscum contagiosum, psittacosis, vaccinia, tra- 
choma, rabies, infectious myxomatosis of rabbits and tobacco mosaic are 
found._ The lecturer reiterates that hyperplasia, hyperplasia followed by 
necrosis and necrosis are the primary characteristic pathologic changes in 
all virus maladies. Inflammation is regarded as secondary. Shope’s pap- 
illoma of rabbits and Rous’ sarcoma of fowl are cited as the etiologic factors 
of certmn mahgnant growths; no mention was made of Lucke’s tumor of 
irogs. The third lecture is devoted to the fundamental principles of immun- 
olop and serology which are operative in virus diseases as in all fields of 
biology. The nature of viruses, in lecture four, is considered in the light of 
such studies as the determination of size of the particle by filtration, cen- 
tritugation, diffusion or direct measurement of the particle; the shape of 
the particles; density and electric charge. Purification of viruses, cultiva- 
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tion, mutation and the antigenic properties of viruses are brieflj*; mentioned. 
The last lecture is devoted to the treatment and prevention of virus diseases 
in which the use of drugs, vaccines and convalescent sera were discussed. 
In the case of chemotherapy the lecturer found the reports few and discour- 
aging, likewise, convalescent serum therapy was of doubtful efficacy. Vac- 
cination against virus diseases has been the most successful method of 
combat but much still has to be learned about this method of treatment. 

H. M. 


Clinical Toxicology. By Clinton H. Thibnes, M.D., Ph.D., Professor 
of Pharmacology and Head of the Department of Pharraacologj’-, School 
of Medicine, University of Southern California, Los Angeles; Attending 
Pathologist (Toxicology), Los Angeles County Hospital. Pp. 309; 
7 illustrations. Philadelphia: Lea & Febiger, 1940. Price, S3.50. 
This book is iwitten essentially in the manner of a compendium with 
the primary purpose of serving as a classroom text or simple guide for the 
general practitioner. As such, it ma}' be useful. The list of drugs and 
poisons appears to be comprehensive, however only the essentials pertaining 
to them are treated. The last sixth of the book is devoted to the chemical 
diagnosis of poisoning. In this section are given methods of analj^ses in 
more or less cook-book style without attempt at any chemical evaluation. 

F. S. 


Vitamin D. Chemistry, Physiology, Pharmacologj’-, Pathology, Experi- 
mental and Clinical Investigations, By C. I. Reed, A.M,, Ph.D., 
Associate Professor in Physiolog}'-, H. C. Streck, M.S., Ph.D., Associate 
in Physiology, and 1. E. Steck, M.S., M.D., Instructor in Ph 5 'siology 
and in Medicine, Department of Physiology and Department of Medicine, 
College of Medicine, University of Illinois, Arthritis Clinic, Illinois 
Research and Educational Hospitals. Pp. 389; 13 illustrations and 
36 tables. Chicago: The University of Chicago Press, 1939. Price, 
84.50. 

This book has evolved from the investigations of the authors on the 
physiology and therapeutic applications of vitamin D. It is perhaps a little 
overbalanced on the personal side. On the other hand it contains an 
excellent review of recent literature (1926-1939) which is enlivened by 
personal interpretation and discussion. Each chapter is well summarized 
and there is a 48-page bibliography. E. W. 


NEW BOOKS. 

Obstetrics and (hjnecology. In two volumes. By the Departmental Staff of 
the University of Chicago and Other Contributors. Edited by Fred L. 
Adair, M.A., M.D., F.A.C.S., Mary Campau Ryerson Professor and 
Chairman of the Department of Obstetrics and Gynecology in the Uni- 
versity of Chicago; Chief of Service, The Chicago Lying-in Hospital, 
Chicago. Pp. Vol. 1, 1000; Vol. 2, 1031; illustrations, Vol. 1, 359 and 
14 plates, Vol. 2, 304 and 10 plates (plates mostly in color). Philadelphia: 
Lea & Febiger, 1940. Price, 820.00 set. 

The Malarial Therapy of General Paralysis and Other Conditions. By 
William H. Kepper, M.D., Formerly Resident Physician, Florida State 
Hospital and Special Physician Associated with the Station for Malaria 
Research, International Health Division of the Rockefeller Foundation, 
Tallahassee, Florida. Pp. 155 (lithoprinted); illustrated. Ann Arbor: 
Edwards Bros. Inc., 1939. Price, 82.25. 
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The New International Clinics, Vol. 1, N.S. 3, 1940. Edited by Geokge 
Morris Piersol, M.D., Professor of Medicine, Graduate bchool of Med- 
icine University of Pennsylvania. With 17 CoUaborators. Pp. 319; 
illustrated. Philadelphia: J. B. Lippincott Company, 1940. 

The 6 original contributions are on as many widely separated subjects. The 
12 “clinics” are from various services of the Hospita.1 of the Unn'ersity of Penn- 
sylvania. The 87-page of recent progress is on the vitamins by Cantarow. 

Fetal and Neonatal Death. A Survey of the Incidence, Etiology and Ana- 
tomic Manifestations of the Conditions Producing Death of the Fetus m 
Utero and the Infant in the Early Days of Life. By Edith L. Potter, 
M D., Ph.D., Instructor in the Department of Obstetrics and Gynecol- 
ogy, The University of Chicago; Pathologist at The Chicago Lying-in 
Hospital, and Fred L. Adair, M.D., Professor and Chairman of the 
Department of Obstetrics and Gynecology, The University of Chicago, 
and The Chicago Lying-in Hospital. Pp. 207 ; 31 illustrations. Chicago : 
The University of Chicago Press, 1940. Price, $1.50. 


A Doctor’s Holiday in Iran. By Rosalie Slaughter Morton, M.D., 
Author of “A Woman Surgeon.” Foreword by Surgeon-General Hugh 
S. Gumming (Retired). Pp. 335; illustrated. New York: Funk & Wag- 
nalls Company, 1940. Price, $3.00. 

Dermatologic Allergy. An Introduction in the Form of a Series of Lectures. 
By Marion B. Sulzberger, M.D., Assistant Clinical Professor of 
Dermatology and Syphilologj’-, Skin and Cancer Unit of the New York 
Post-Graduate Medical School and Hospital of Columbia University; 
Associate Attending in Dermatology and Syphilology, Montefiore Hos- 
pital, New York, etc. Pp. 540; 39 illustrations, 13 color plates and 17 
tables. Springfield, 111.: Charles C Thomas, 1940. Price, $8.50. 


Practical Bedside Diagnosis and Treatment. By Henry Joachim, M.D., 
Chief-of-Medicine, Israel-Zion and Beth Moses Hospitals; Director of 
Medicine, Cumberland Hospital and Jewish Sanitarium and Hospital for 
Chronic Diseases, Brooklyn, etc. Pp. 828. Springfield, 111.; Charles C 
Thomas, 1940. Price, $7.50. 


Essentials of the Diagnostic Examination. By John B. Youmans, B.A., 
M.S., M.D., Associate Professor of Medicine and Director of Postgradu- 
ate Instruction, Vanderbilt University Medical School. Pp. 417; 36 illus- 
trations (some in colors). New York: The Commonwealth Fund, 1940. 
Price, $3.00. 


Congenital Malformations. A Study of Parental Characteristics with Special 
Reference to the Reproductive Process. By Douglas P. Murphy, M.D., 
F.A.C.S., Assistant Professor of Obstetrics and Research Associate in the 
Gynecean Hospital Institute of Gynecologic Research, University of 
Pennsylvania, Philadelphia. Pp. 98 ; 7 figures, 55 tables and 1 photograph. 
Philadelphia: University of Pennsylvania Press, 1940. Price, $2.00. 

Lee on the Levee (An Historical Novel). By Ralph Cannon. Pp. 188. 

New York: The Saravan House, 1940. PAce, $2.50. 

The Medical Clinics of North America, Vol. 34, No. 2 {Cleveland Clinic 
Number-March, 1940). Pp. 290; 39 illustrations. Philadelphia: W. B. 
Saunders Company, 1940. 

This Cleveland number contains a symposium of 9 articles on headache and 
15 on miscellaneous subjects. 


Arhfiaal Pneumothorax. Its Practical Application in the Treatment of 
Pulmonary Tuberculosis. Contributions by Saranac Lake Physicians to 
the Studies of the Trudeau Foundation. Editorial Committee: Edward 

M.D., and Sidney F. Blanchet, 
Baldwin M.D. Pp. 300; 85 illustrations and 
od tables. Philadelphia: Lea & Febiger, 1940. Price, $4.00. 
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Accepted Foods and Their Nutritional Significance. Containing Descrip- 
tions of the Products which Stand Accepted by the Council on Foods of 
the American Medical Association on September 1, 1939. Pp. 492. 
Chicago: American Medical Association, 1939. Price, S2.00. 

Chemisches Prakiikum fiir Medizincr. By Dozent Dr. Hans Bode, Kiel, 
und Prof. Dr. Hans Ludwig, Danzig. Pp, 131. Wien: Franz Deuticke, 
1940. Rm. 4. 

The Newer Nidrition in Pediatric Practice. By I. Newton Kugelmass, 

B. S., M.A., M.D., Ph.D., Sc.D., Attending Pediatrician, Broad Street 
Hospital and Heckscher Institute, New York; Consulting Pediatrician, 
Lynn Memorial, Monmouth Memorial and Muhlenberg Hospitals, New 
Jersey, etc. Pp. 1155; 183 illustrations. Philadelphia: J. B. Lippincott 
Company, 1940. Price, .$10.00. 

Die akute Myokarditis. IHinische und pathologisch-anatomische Beobacht- 
ungen bei 36 Krankheitsfallen in ihren Beziehungen zu Herd-Infekten, 
zu Allgemein-Infekten (Grippe) und zur Tuberkulose. By Ferdinand 
Wuhrmann, Oberarzt der Klinik. Pp. 148; 86 illustrations. Basel: 
S. Karger A.-G., 1939. Price not given. 

Sleep and Wakefulness as Alternating Phases in the Cycle of Existence. By 
Nathaniel Kdeitman, Department of Physiology, Tlie University of 
Chicago. Pp. 638; illustrated. Chicago: Tlie University of Cliicago 
Pre.ss, 1939. Price, $5.00. 

NEW EDITIONS. 

Elmer and Rose Physical Diagnosis. Revised by Harry Walker, M.D., 
F.A.C.P., Associate Professor of Medicine, Medical College of Virginia, 
Richmond. Pp. 792; 295 illustrations. Eighth Edition. St. Louis: The 

C. V. Mosby Company, 1940. Price, $8.75. 

The Pathology of Internal Diseases. By William Boyd, M.D., LL.D., 
M.R.C.P., Ed., F.R.C.P., Lond., Dipl., P.sych., F.R.S.C., Professor of 
Pathology and Bacteriology in the University of Toronto, Toronto; For- 
merly Professor of Pathology in the University of Manitoba, Winnipeg. 
Pp. 874; 353 illustrations and 4 colored plates. Third Edition, thoroughly 
revised. Philadelphia: Lea & Febiger, 1940. Price, $10.00. 

Compendium of Regional Diagnosis in Lesions of the Brain and Spinal Cord. 
A Concise Introduction to the Principles of Localization of Diseases and 
Injuries pi the Nervous System. By Robert Bing, Professor of Neurol- 
ogy, University pf Basel, Switzerland. Translated and edited by Webb 
Haysiaker, Assistant Clinical Professor of Neurology and Lecturer in 
Neuro-Anatomy, University of California. Pp. 292; 125 illustrations 
(27 in color), and 7 plates. Eleventh Edition. St. Louis: The C. V. 
Mosby Company, 1940. Price, $5.00. 

A new and enlarged edition of a most excellent work. The concise and graphic 
presentation of a difficult anfl important subject. Strongly recommended as an 
authoritative reference for all practitioners other than neurologists. 
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THE RATIONALE OF AMPHETAMINE (BENZEDRINE) 
SULPHATE THERAPY.* 

Any new pharmacologic preparation which has unusual effects is 
immediately used in a wide variety of conditions in the hope of achiev- 
ing new and unusual therapeutic results. This has been the fate of 
amphetamine sulphate, and the time has come to review its physiologic 
and psychologic effects in order to determine the rationale of its proper 
application in medicine. 

A comprehensive study of the fundamental pharmacology of amphet- 
amine sulphate will be found in the report of the Council on Pharmacy 
and Chemistry.f Alles is mainly to be credited with the development 
of the pharmacologic physiology of this drug, and it is to Ins papers 
and those of Barger and Dale, Chen and Meek that the reader is referred 
for those fundamental studies which demonstrate the general sympatho- 
mimetic character of amphetamine sulphate. The effects of amphet- 
amine sulphate may be divided into tivo main groups. 

Sympathomimetic Effects. These may be briefly summarized as fol- 
lows: Sympathomimetic drugs in general relax the smooth muscle of 
the viscera, but also constrict the smooth muscle of the arterioles so 
that the blood pressure is raised. This general formula can be worked 
out into its details as follows : 

1. Amphetamine sulphate dilates the pupil of the eye, widens the 
palpebral fissure, increases the intra-ocular tension and lessens the 
power of accommodation. In these properties it resembles its synergist, 

* Aided by grants from the Commonwealth of Massachusetts and the Rockefeller 
Foundation. 

t J- Am. Med. Assn., 109, 2064, 1937. 
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atropine; although its action is slower, less violent, of shorter duration, 
and more easily o%'ercome by prostigmin and mecholyl. 

2. The gastro-intestinal tract: amphetamine sulphate tends to relax 
the musculature of the gut and in general delays the rate of movement 
of bismuth and of food. That is, it reduces peristalsis. 

On the genito-urinary tract it has characteristic sympathetic effects. 
Thus, it relaxes the entire genito-urinary tract insofar as present studies 
have proceeded; viz., it enlarges the kidney, dilates the pelvis and the 
calyces, dilates the ureter, and produces a characteristic dilatation of 
the bladder. 

3. The blood pressure: the effect of amphetamine sulphate is to raise 
the blood pressure, whether given by mouth, intramuscularly or intra- 
venously. The rise is marked and lasts from 1 to 2 hours in the human 
being. The effect tends to lessen and disappear after the drug is used 
over an extended period of time. 

Amphetamine sulphate does not have a pronounced effect on the 
cardiac muscle as demonstrated by the electrocardiograph. The pulse 
rate tends to be somewhat slowed, and in this respect amphetamine 
sulphate is not sympathomimetic in effect. 

It is noteworthy that all of these effects are produced only by large 
doses of the drug; 10 mg. given by mouth, or otherwise, produces very 
little sympathomimetic result. It ordinarily takes from 20 to 30 rag. 
to raise the blood pressure in appreciable measure and to relax the 
gastro-intestinal tract or to dilate the genito-urinary tract. The eye 
effects are produced by instillation of a solution varying anyivhere 
from 0.5 to 2 %. 

4. Generally speaking, the sympathomimetic drugs reduce nasal 
mucous secretion, dry up the salivary secretion, and reduce sweating. 
Tin's is true of adrenalin, ephedrine, amphetamine sulphate, paredrine, 
propadrine and the wide variety of new sympathomimetic drugs which 
have been introduced. Amphetamine sulphate reduces the salivary 
secretions and definitely lessens sweating. These effects usually follow 
large doses but are also obtained with doses of 2 to 5 mg. in exceptionally 
susceptible people. Benzedrine Inhaler and Benzedrine Solution have 
long been used for topical application in counteracting rhinorrhea. 

Wakeful-Psychologic Effects. The second group of effects is that 
which is here termed the wakeful-psychologic effects. In this respect 
amphetamine sulphate is in a class by itself, insofar as the sympatho- 
mimetic drugs are concerned. Adrenalin does not produce these effects; 
ephedrine produces them only in minor degree; paredrine and propa- 
drine do not evoke them at all. The wakeful-psychologic effects, there- 
fore, have no relationship to any of the other effects of amphetamine 
sulphate, those which have here been termed s^TOpathomimetic. This 
effect is sui generis, a specific amphetamine sulphate result. 

Normal sleep may be profoundly interfered with by amphetamine 
sulphate. A sense of wakefulness is produced which is the very antith- 
esis of drowsiness. In its pleasant aspect, the psychologic effect is that 
of increased vigor and enhanced pleasure in every direction with a 
feeling of increased power physically and mentally. When an unpleas- 
ant degree is reached, the psychologic effect goes on to a feeling of 
being too alive, over-responsive to the environmental influences, and a 
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sense of unpleasant threatening excitement ensues. This effect on sleep 
and mood has been widely studied. It was the first important thei’a- 
peutic application of amphetamine sulphate if we except from con- 
sideration its local rhinologic use. 

Some interesting but not completely substantiated work has tended 
to show that amphetamine sulphate inereases the intelligence score 
under test conditions. Molitch and Eccles, Sargant and Blackburn 
corroborate this; while Meerlo, McNamara and Miller do not agree 
with the findings. It is also stated that this drug increases psychomotor 
skill (Thornton ei al). There is no questioning the fact that with the 
experimental animal and in the relatively large doses given, there is an 
enormous increase of activity which, however, is not productive^ and 
seems almost maniacal in its manifestations. It is a common experience 
in my laboratory to witness the mutism of dementia precox disappear 
for a short time after the injection of 30 mg. of amphetamine sulphate. 
This result, however, is temporary and of no therapeutic value. Irre- 
spective of usefulness, the drug is profoundly effective in producing a 
wide group of psychologic reactions, mainly in the direction of excitation. 

It is, therefore, to be kept definitely in mind in the use of amphet- 
amine sulphate therapeutically that there are these two groups of effects 
to be taken into account; first, the general sympathomimetic reactions, 
and second, the wakeful-psychologic effects which are the specific char- 
acteristics of the pharmaceutical, and are obtained even with small 
doses, from 1 to 10 mg. These are related to some unknown central 
stimulation concerning which I wish to theorize at this point. 

Rest-recuperative and waking-activating mechanisms: There is 
some relatively obscure mechanism by which activities of a purposive 
and conscious type are brought to a standstill and which are associated 
with a feeling of fatigue and drowsiness, and which eventuate in sleep. 
This may be called the rest-recuperative mechanism. Disorder of this 
mechanism is very common and especially in the neuroses. 

Less well known and, in fact, not at all emphasized in the discussion 
of the normal cycles of existence, is what may be called the waking- 
activating mechanisms, by which after sleep or after rest the organism 
re-prepares itself for activity, manifesting this on the conscious psycho- 
logic level by a feeling of alertness and a desire for activity. This is 
also impaired in many conditions and especially on a functional level 
in the neuroses. In fact, the essential disturbance of most neuroses 
resides in the impairment of the rest-recuperative and the waking- 
activating mechanisms. 

How does the foregoing discussion link itself up with the therapeutic 
uses of amphetamine sulphate? These uses are considered, first, in 
relationship to the specific effects of the drug, and second, in relationship 
to its sympathomimetic activities. 

Specific Effects. 1. The effect in counteracting sleep has brought 
^out the use of amphetamine sulphate as a specific in narcolepsy. 
This has been well established by a number of workers (Prinzmetal 
®^'^o™kerg, Ulrich). Suffice it to say that the long-continued use 
of the drug in considerable dosage (30 to 50 mg. per diem) does not 
seem to produce ill-effects in these patients, nor does the drug seem 
to lose its effects finally, as is the case so often when drugs have to be 
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used over a long period of time. Amphetamine sulphate does not cure 
narcolepsy, but it produces a symptomatic relief of such magnitude as 
to entitle it to be designated a symptomatic specific. 

2. There has developed a general use of amphetamine sulphate to 
offset sleep and fatigue whenever something extraordinary has to be 
performed, during a period in which sleep or fatigue would be disastrous 
or non-desirable. Thus, people who have to drive a long distance and 
especially at night are apt to take amphetamine sulphate to keep them 
awake. Students preparing for examinations are notorious users of 
the drug in order to offset the fatigue of continued “grinding” tlirough 
the night. Students also use it to sharpen their association processes 
and to increase their mental capacity during the examination itself. 
These are not wholesome uses of the drug. It is not wise to disturb the 
sleep and resting process by any drug. It is not wise to rely upon a 
drug for the ability to pass examinations. Self-administration to meet 
emergencies of this type is against good hygiene and represents an 
abuse of this chemical. 

There are social and personal circumstances where to fall asleep or to 
suffer with temporary fatigue would be disastrous in a somewhat imper- 
fect world. Under these exceptional circumstances 5 to 10 mg. of 
amphetamine sulphate does no harm and meets a trying situation better 
than any other chemical of the present-day pharmacopoeia. It is fair 
to state at this point that the sale of the drug is now restricted to pre- 
scription use only, and that the abuses noted above are thus bound to 
disappear. 

3. The drug is useful in counteracting poisoning by the barbiturates. 
The drop in blood pressure, as well as the unconsciousness, are offset. 
The best method for using the drug under such occasions is either by 
subcutaneous injection or in the emergency by intravenous use. Large 
doses are here required, from 20 to 30 mg. being safe if given very slowly 
and in sufficient dilution. If the drug is to be used intravenously, it is 
wise to dissolve 30 mg. in 10 cc. of water and inject it over a period of 
10 minutes, just as one would give sodium amytal intravenously. 

4. Linked with this relationship of amphetamine sulphate to the 
barbitxuates is what is elsewhere called their “reciprocal pharmacology.” 
If one desires to obtain a sedative effect with the barbiturates and seeks 
to avoid the hang-over and the depression which these drugs tend to 
produce, the addition of small doses of amphetamine sulphate is of 
value. Thus, the drugs may be used simultaneously, and the sedative 
effect of 3 grains of sodium amytal may be modified in pleasant manner 
by 10 mg. of amphetamine sulphate. The specific amphetamine sul- 
phate effect is not then produced, but the chemical offsets the disagree- 
able torpor and depression of amytal. If phenobarbital is used for 
sedative therapy, the narcotization of 1 grain of this drug can be offset 
by from 5 to 10 mg. of amphetamine sulphate. 

Especially valuable is tins conjoined use when phenobarbital is used 
in the treatment of epilepsy. Often in such treatment the effects of 
phenobarbital become oppressive, so that while the attacks may be 
diminished or abolished there is a A'ery disagreeable slowing up of the 
thought processes and general unpleasant phenobarbital reactions.' 
These may be offset without any effect rvhatever of untoward type on 
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the attacks by the addition of appropriate amounts of amphetamine 
sulphate. Usually a small amount will suffice. It has been definitely 
shown by Merritt and Putnam that amphetamine sulphate does not 
increase the epileptic attacks. Personal work tends to show that what- 
ever effect amphetamine sulphate has on epilepsy is ameliorative rather 

than injurious.* _ -j. • j 

5. It has been shown by certain workers (Bloomberg, Reifenstem and 
Davidoff) that the effects of acute alcoholism may be offset by amphet- 
amine sulphate. Bloomberg believes that a certain number of chronic 
alcoholics may be treated by this drug. The rationale for its use in 
these cases is quite simple and clearly logical as well as pharmacologic. 
Alcohol is a narcotic, tending to produce sleep and torpor and it is 
perfectly in line with the pharmacology of amphetamine sulphate that 
it counteracts this effect. In the treatment of the chronic alcoholic 
it is of some value because, when taken in the morning, it lifts up the 
mood sufficiently so that the desire for alcohol is diminished, since the 
clironic alcoholic uses the temporary lifting effects of alcohol as the 
basis for his continued indulgence. It is not meant to imply here that 
amphetamine sulphate is a specific drug in the treatment of alcoholism. 
It is here stated, however, that both from the literature and from per- 
sonal experiments, it has some value in counteracting acute alcoholism. 
In the treatment of the chronic alcoholic one must beware of pharma- 
cologic magic. Alcoholism is more than chemistry or vitamins. What- 
ever value any drug may have, it must be merely an adjunct to psycho- 
logic and social reorganization as well as to more far-reaching physiologic 
measures. 

6. Of importance is the discriminating use of the drug in the treat- 
ment of the neuroses. Whether it is to be of value or not can be readily 
determined in each individual case by the use of small doses on arising 
and throughout the morning. If the effect is favorable, in that the 
patient feels better, has a greater aptitude for activity, an enhanced 
pleasure in existence, then the drug together with other measures should 
be used. On the other hand, if the patient becomes jittery, shows 
increased agitation, becomes more depressed after a few doses, the 
drug is of no value whatever and should be immediately withdrawn. 
It is by no means valuable in most depressions. It does not seem at 
present to be of importance by itself in the treatment of the psychoses. 
In the severe neuroses it has only a limited range of usefulness. 

On the other hand, in transitory or short neurotic states, especially 
of the reactive type, where the individual is finding it difficult to meet 
a situation and is reacting by a mood disturbance as well as by lessened 
activity, the drug is apt to have great value if given in small doses. 
Even in such cases amphetamine sulphate is more apt to help if the 
patient is given sedation at night than if it is used by itself. In other 
words,^ the corrective pharmacology of amphetamine sulphate in rela- 
tionship to the barbiturates and to the sedatives can be capitalized by 
its judicious use in the treatment of the neuroses. 

logic of the use of amphetamine sulphate in this 
condition is two-fold. First, in the case of many individuals it lessens 
appetite (Nathanson). This is probably due to the relaxing of the 

* Cohen, B., Showstack, N., and Mycrson. A.; J. Am. Med. Assn. 114, 4S0, 1940. 
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bowel and the diminution of hunger contractions under its use. Sec- 
ondly, by increasing the desire for activity a greater capacity for exer- 
cise and physical exertion 'is brought about. Obviously, obesity is 
treated by a reduction of the intake of food and by increase of the 
activities. Amphetamine sulphate has a definite, value in both these 
directions, although it is by no means a specific nor has it any value 
where diet regulation is not prescribed or followed, and where the 
general hygiene of the individual is defective. As stated elsewhere, no 
drug takes the place of hygienic living and of proper alimentation. 

8. Parkinson’s Disease: The drug has been accepted by the Council 
on Pharmacy and Chemistry as a useful adjuvant to the treatment of 
Parkinson’s disease. Combined with stramonium (which is an atropine 
derivative and therefore a natural synergist of amphetamine sulphate), 
it is probably useful in giving temporary relief, since no treatment has 
any permanent value in this condition. Care should be used not to 
give this combination in such amounts that excessive drjdng of the 
mouth takes place. 

Sympathomimetic Effects. We come now^ to the effects of amphet- 
amine sulphate as a sympathomimetic drug. 

1. The Council on Pharmacy and Chemistry has accepted its use in 
Roentgen ray work to overcome spasm and thus make it possible to 
take better Roentgen ray pictures of the gastro-intestinal tract. This 
use it shares with other drugs of the same type. 

2. I do not believe the drug has much, if any, value in spastic colitis 
or in generalized spastic states of the gastro-intestinal tract. The 
organism probably becomes quickly adjusted to the drug; the effects 
wear off; and they are of too short duration to be useful. Furthermore, 
the amount of amphetamine sulphate necessary to produce a good relax- 
ation of the gastro-intestinal tract is too great for repeated and constant 
use. I think it can safely be said that whatever value it has in the 
treatment of this condition is temporary and can only be purchased at 
too high a price of sympathetic stimulation. 

3. In certain cases of spasm of the genito-urinary bladder, the drug 
has definite value, whether the spasm be organic or functional in origin. 
It is usually wise to combine it in such cases with the barbiturates. 

4. On the eye, amphetamine sulphate is a useful mydriatic, especiallj’’ 
if combined with other drugs. For this I refer the reader to the writings 
of Beach and McAdams, Myerson and Thau, and others. The value 
of the combinations used lies in the fact that a quick dilatation is pro- 
duced which does not last too long and which can easily be offset by 
prostigmin or any of the parasympathetic drugs. 

Contraindications for the Use of Amphetamine Sulphate. 1. Any 
powerful chemical used in the treatment of the human being find^ndi- 
viduals who have idiosyncratic reactions to it and who are over-respon- 
sive in a disagreeable or even dangerous way. This is true not alone 
of amphetamine sulphate but of digitalis, morphine, codeine, cocaine, 
hyoscine. The most common disagreeable or dangerous reactions are 
a sense of fullness in the head together with severe headache, a sense of 
giddiness, extreme excitement and irritability, a dry feeling in the mouth 
with queer sensations throughout the abdominal region. In some indi- 
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viduals the appetite is completely destroyed. In others there is extreme 
constipation. It is wise to test out the drug in small doses first. The 
idiosyncrasies in reaction are usually immediate. 

2. Amphetamine sulphate should not be used where sleeplessness is a 
prominent symptom except in combination or in association with seda- 
tives. Where there is intense agitation or great anxiety, it is usually 
of no, or little, value and often increases the agitation and excitement. 
Its value in any mental state can be quickly determined, as stated above, 
and the drug should be discarded immediately if the effects are to 
increase the unpleasant emotional state of the individual. 

3. It is best not to use the drug wherever there is hypertension and 
cardiac disease. Certainly it should not be used in doses beyond 5 to 
10 mg. in such situations, and in general it may be stated that there 
are stimulants which are better borne than amphetamine sulphate 
wherever cardiovascular disease is present. It is wise to state here 
that the individual reaction even in cardiac disease may be very vari- 
able and that a cautious testing out is productive of no harm. The 
drug should be immediately withdrawn if pain and cardiac irritability 
follow. The blood pressure is not affected in therapeutic doses. 

4. Amphetamine sulphate should not be used where there is marked 
atony of the gastro-intestinal or of the genito-urinary tracts. Its sym- 
pathomimetic effect is to increase these conditions. Very small doses 
will not make any particular difference in respect to the visceral atony, 
but even moderate doses will greatly increase the disability of the 
viscera. 

Habit Formation. During 4 years of steady use on a large number of 
patients, I have seen little evidence that the drug is to any great extent 
habit-forming. The drugs which produce a constant repetitive desire 
are the narcotics — morphine, codeine, cocaine, alcohol. It is rare to 
see anyone who has become addicted to strychnine. There are few 
people who become caffeine habitues, although many use too much 
coffee. Those people whom I have encountered who have found them- 
selves unable to break away from the use of amphetamine sulphate 
have been those who have had clmonic, otherwise incurable, narcoleptic 
or depressive mental states. They have, on the whole, been better off 
with the drug than without it. Their addiction has largely taken on 
the picture of a deficiency addiction; that is, they have been impelled 
to take the substance continuously because something is lacking in the 
organism which the drug supplies. Furiherviorc, there are iio injuries io 
personality or intelligence, such as take place with the narcotic drugs. The 
constant user of amphetamine sulphate does not lie or steal or show 
deterioration in any way. It is possible he may be doing his organism 
damage by its use; in small doses, however, I have seen no evidence of 
this taking place. Whenever a patient takes large doses, the unpleasant 
results usually put an end to the habit. 

_ In other wmrds, there is not much danger of drug addiction. There 
is much unwise use, some administration for unhygienic purposes, such 
as its use by students, automobile drivers, alcoholics who want to drink 
more than they should, and so on. These are the liabilities of a drug 
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which has, on the whole, many important assets for tlie successful and 
judicious practice of medicine. 

Abraham Myerson, M.D.* 
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FLUOROGRAPHY. 

Historical, Fiuorography (miniature radiography, indirect radiog- 
raphy or Roentgen photography) is photography of a still image pro- 
duced by Roentgen rays on a fluoroscopic screen. The image is pho- 
tographed tlirough a light proof space with a camera having a large 
aperture lens. 

The whole history of the Roentgen rays (a:-ray) contains references 
to attempts to make use of the photographic method of reproducing the 
roentgenoscopic image. Hirsch^ pointed out that Roentgen, in his 
first paper concerning the discovery of the new light to which he gave 
the name of ‘LY-ray,” demonstrated the fluorescent and photographic 
effects of these rays. Since that time much ingenuity has been shown 
in the efforts to establish the best technical method of recording the 
Roentgen image. “The screen image, simple and easy in its attainment, 
instantaneous in its appearance, graphic in its visibility, seemed for the 
moment to be the most desirable and it was only logical to attempt to 
obtain a permanent record of this- image by ordinary photography.” 
Hirsch credited Bleyer with making the first attempt, in April, 1896, to 
construct and use an apparatus for photographing the fluorescent 
image. “Porcher (1897),” he stated, “after considerable experimenta- 
tion, discarded the method as impractical and as having no advantage 
whatever over direct roentgenography." “However,” Hirsch continued, 

the allure of the moving picture stimulated workers to investigate the 
^ssibility of an indirect method of its accomplishment and in 1907 
Rohler, who was engaged in direct Roentgen cinematography, men- 
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tioned photography of the fluorescent image as a promising future pos- 
sibility, and in 1909, in association with Biesalski, described a practical 
method of fluoro-roentgenography, utilizing a screen of calcium tungs- 
tate (blue fluorescence), a camera with an F 2.0 lens and a mirror which 
permitted placing the camera outside the beam of direct radiation. 
Biesalski also used a concave mirror instead of a lens by means of which 
he could obtain a much greater effective optical aperture. 

“It was apparent that the future development of the method de- 
pended on the possibility of obtaining lenses of greater aperture, screens 
of brilliant luminescence and photographic films of high sensitivity.” 
Cole and Leven, in the United States, and Comodon in France in 1909 
and 1910 were credited by de Abreu^“ with at least touching on the 
principles involved in indirect roentgenography (Roentgen photog- 
raphy) in their remarkable trials Avith Roentgen cinematography. 
Hirsch stated that “CaldAvell in 1911 presented all the basic and essen- 
tial principles underlying the application of fluorography and fore- 
shadowed its present-day application with prophetic instinct and 
scientific acumen. He used a 4 by 5 camera Avith a Cooke lens, Avorking 
at aperture F 4.5 and a 'Gehler folie’ screen Avhich had phosphorescent 
(after glow) as Avell as high actinic fluorescence.” He experimented 
to determine Avhether the “after gloAv” Avould interfere AAoth making 
successful photographs of the screen in rapid succession and demon- 
strated it Avas not of practical importance as a contaminating factor. 
The photographs he obtained of the extremities, the thorax and the 
thoracic contents were full of rich detail and, as he had hoped, the 
camera recorded much more than the eye could see on the fluorescent 
screen. “CaldAvell,” Hirsch asserted, “pointed out the advantages of 
the method, the Ioav cost, the simplification of the problem of filing and 
transportation. He prophesied that Avith the development of screens 
of higher actinic properties, photographic films of greater sensitivity, 
lenses of greater speed and more intense excitation by roentgen rays, 
the method would attain a great practical A^alue and Avould revolution- 
ize roentgenography.” Hirsch continued his historical review Avith the 
statement that Loman and Camandon used an F 1.55 lens with a spec- 
ially sensitized film; Luboshez made use of an F .625 lens and still more 
recently Dariaux and Dijan, a lens aperture P .53; Schinzel suggested 
the use of a screen bent into a surface concave toAvard the lens for 
patients to correct for some of the optical errors of the AAdde aperture 
lenses. The great improvement in recent years in fluorescent screens 
by Leonard Levy of London and in photographic materials, Hirsch 
considered responsible for the development of the method to such a 
state that its practical and routine application Avas now possible. 

Practical Application. Hirsch credited de Abreu (Brazil) Avith the 
first large scale application of the method. The researches of de Abreu 
and his group Avere commenced in 1924^*' and were related to the utiliza- 
tion of an inexpensive process of mass survey Avork in examination for 
pathologic processes involving the thorax and its contents. The first 
Thoracic Census Centers Avere installed at Rio de Janiero at the end 
of 1936 and the beginning of 1937. Original research along the same 
lines was started in South Africa in 1927 at the department of roent- 
genology of the Witwatersrand Native Labour Association. Work was 
being done on similar lines independently at that time in Germany and 
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Japan. Dormer and Collender/ who carried out the work in South 
Africa, stated that impetus was given to their efforts by a desire to pro- 
duce facsimiles of roentgenograms of large groups, a proportion of which 
possibly exhibited pathologic processes involving the thoracic cage or its 
contents, economically and rapidly. They set as a goal the examination 
by this method of 2000 or more persons each day with a suitable plant. 
Using miniature film (approximately 35 mm.) they found the cost, the 
film and the processing considered, to be at least one-twentieth that of 
roentgenographic examination, using 12 by 15 inch (30.5 by 37.5 cm.) 
films. They considered the method particularly applicable to the 
examination of groups of persons, for example, recruits in military 
mobilization, as an adjunct in the physical examination of school 
children, the inhabitants of native locations, and the personnel of mine 
compounds and reserves. As a clinical accessory it made possible the 
investigation of contacts and suspects in campaigns directed toward 
the prevention and cure of tuberculosis on a much wider scale than 
otherwise because of its inherent economy. These authors found this 
new method of examination to be a rapid and inexpensive method of 
separating the abnormal from the normal in routine investigation of the 
thorax and its contents. They found it also had considerable value in 
affording a permanent graphical record of progress of the changes con- 
sequent to the establishment of an artificial pneumothorax or other 
form of collapse therapy. Although they personally had not used the 
method for such purposes, they prophesied that it would prove equally 
valuable in control of fractures and in recording the roentgenoscopic 
image of the esophagus, stomach, small bowel and colon after the inges- 
tion of an opaque medium and after the use of the opaque enema in 
examination of the large bowel. The most brilliant demonstration of 
the value of this new method of using the Roentgen rays as an ally in 
clinical investigation was and is being carried out in South America. 
The interest of de Abreu and his co-workers® in this subject commenced 
in 1918 and was renewed in 1924. They attacked this problem dili- 
gently but were unable to obtain decisive or practical results. 

They inaugurated the installation of the first fluorographic apparatus 
for the purpose of carrying out a collective thoracic survey at the Ger- 
man Hospital of Rio de Janiero in 1936. In 1937 three additional 
centers were operating, one in the Public Health Department of Rio 
de Janiero, one in the Navy Hospital and one in the Public Health 
Department of Victoria. In 1939 twenty-five fluorographic apparatus of 
this type had been installed in Brazil and many others in Argentina, 
Chile, and Uruguay. 

The objections with which de Abreu and his co-workers had to con- 
tend at the beginning of their work were principally that since the 
initial roentgenologic indications of tuberculosis were very vague, 
fluorography would not show sufficient detail to make possible the 
recognition of an early lesion of tuberculosis. Experience proved to 
them that frequently Roentgen photography or fluorography which 
allows the making of fluorograms with the patient at various angles in 
relation to the beam of Roentgen rays, such as anterior and posterior 
descending directions, had an advantage over teleroentgenography, 
the present method commonly used, in the delineation of faintly visible 
lesions or even lesions that might be invisible in the teleroentgenogram. 
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In their opinion, the diagnosis of all or almost all cases of pulmonary 
tuberculosis with the aid of fluorography will assist in directing the 
social campaign against pulmonary tuberculosis to meet the threat 
presented by the individual. The social status of individuals who 
present a hazard and of those who are menaced by exposure would be 
known to the health authorities. The thoracic census survey would 
permit early diagnosis bj' means of Roentgen photography of all the 
population and enable the dispensaries to operate with the utmost 
efficiency. Systematic prophylaxis would at once solve the problem 
regarding suspects in private homes, whether they were members of the 
family, relatives, servants or visitors. These persons would be sum- 
marily withdrawn from contact with children and adolescents. The 
methods of sanitation and prophylaxis, based on hospital dispensaries, 
which were in vogue until the time of the inauguration of this new 
method, have failed because a complete thoracic survey had not been 
made. Tuberculosis prophylaxis, de Abreu and his co-workers con- 
tended, cannot be secured by treatment and isolation of a small per- 
centage of persons suffering from tuberculous infection. On the con- 
trary, it must be based on the discovery of all persons harboring infec- 
tious tuberculous foci and isolation of these for the protection of those 
in a receptive condition and threatened by tuberculous infection. 

In a summary of the comparative costs of the examination of groups 
of persons, based on their experience with all methods, they estimated 
that routine roentgenographic examination by the methods commonly 
in use up to the time of the introduction of fluorography would entail 
an expenditure of S900,000 per million examinations; roentgenoscopy 
(fluoroscopic observation) alone, which has been tried to reduce costs 
where economy demanded it, would cost $340,000; while fluorography 
of the same number of persons could be accomplished with an expendi- 
ture of only $112,000. In fairness to these figures it must be pointed 
out that the figures for roentgenographic examination quoted, appar- 
ently were based on the use of a single film for each examination. Had 
stereoscopic sets been made, as is done in some routine examinations, 
the film cost alone, without consideration of that of equipment and 
processing would have closely approximated $1,500,000 instead of 
$900,000. 

A method of routine investigation of the thorax which in their e.\per- 
ience has proved adequate for all the purposes for which it was sug- 
gested, at a minimum of 12.4% of the cost of other methods in use to 
that time prompted this summary of the e.xperience of de Abreu'® on 
behalf of himself and his group: "Today, three years after the first 
practical results were achieved, collective fluorography is universally 
accepted. At the beginning of this work, there were many roentgenol- 
ogists who expressed themselves in opposition to the procedure but 
have since become convinced as to its practicability.” 

The method was carried to the United States by Lindberg, who tried 
this method in the Macon County Tuberculosis Sanatorium at Decatur, 
Illinois, after a visit to Rio de Janiero, late in 1937. De Abreu'® asserted 
that an attempt to interest American manufacturers in the construction 
of apparatus to carry out his method was unsuccessful. 

Lindberg,® in a publication suggesting modifications of technique for 
Roentgen photography made in 1939 considered the method sufficiently 
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adequate for routine investigation, with the reservation that direct 
roentgenography be used to supplement this examination whenever 
abnormal densities were encountered. He considered the method defi- 
nitely superior to roentgenoscopy by reason of the permanence of 
record, greater contrast and opportunity for more leisurely study and 
more deliberate interpretation. 

Hirsch presented in detail a description of the apparatus and tech- 
nique required for the production of the fluorograms on 35 mm. film. 
Different methods are suggested to prepare the fluorograms for viewing; 
they may be viewed with the aid of a magnifying glass, or they may be 
projected to a magnification of preferably 6.8 times. For the average 
chest, this just compensates for the distortion due to the use of 30 inch 
(76 cm.) target-screen distance. A good projector and a grainless screen 
are necessary for optimal results. The film may be projected to the 
usual full size lecture hall screen. The preferable method of filing and 
storing the fluorograms appears to be to mount the individual films in 
2 by 2 inch (5 by 5 cm.) slides, with a paper mask on which may be 
written any information desired. 

Potter® gave the details of experimental work which was commenced 
in the United States in 1934, which included the production of fluoro- 
grams of 35 mm. dimension, and resulted in making these on 4 by 5 
inch (10 by 13 cm.) film. It was his opinion that miniature films of the 
thorax, to answer well the requirements for case findings, should not be 
less than 3 or 4 inches (7.6 or 10 cm.) in diameter. Having demonstrated 
the accuracy of the miniature film in chest surveys by comparisons of 
these with films of standard size, made at a distance of 6 feet (183 cm.), 
in one-twentieth second on patients of the Chicago Municipal Tuber- 
culosis Sanatorium, he hoped that some dependable survey group could 
be induced to undertake a similar demonstration in a true spirit of 
scientific curiosity and make an authoritative report of the results. His 
patients were chosen to represent various pathologic types and included 
men and women of considerable adiposity as well as thin adults and 
children. 

Should the miniature method prove acceptable to men now actively 
making tuberculosis surveys. Potter felt that it would speed up their 
work enormously. It might aid materially in clearing up some of the 
general and some of the special questions foremost in their minds. 

. Among the general questions was the contention of Madsen, of Den- 
mark, that more severe tuberculosis develops among patients who are 
tuberculin-negative than among those who give a positive test. If this 
were true, it would make our present inferences from skin tests look 
rather absurd. As an example of a special question one might mention 
the finding, either by a sampling process or by wholesale examination, 
of those parts in any given city in which tuberculosis is most prevalent. 
The answer to such questions might be obtained soon by a “flexible and 
economical .r-ray method.” The outstanding economy derived by use 
of this miniature method was a reduction of material expense. In 
cases in which miniatures could be used, the saving was the difference 
between 8650 a thousand and 850 a thousand examinations. Having 
screened out the case showing pathologic interest, the cost of worldng 
It up with standard films, made to afford stereoscopic visualization and 
study, would be the same as it is at present. Secondary economies 
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in the making and processing of the fluorograms, in facility of filing, 
and in the decrease of space for film storage arc obvious. 

Experiments are stiH being carried out which bid fair to increase the 
speed and efficiency of screen, lens and film so that a lower railliam- 
perage may be used. 

In the discussion which followed his address, Potter stated that 
routine reading of the miniature films is a simpler procedure than that 
of full-sized films. The smaller films could be handled with ease because 
of their size, and the small illuminating box required had a less tiring 
effect on the eyes, if they were sensitive to light. A new portable appa- 
ratus of high capacity for the making of fluorograms was being de- 
veloped. 

While no reference was found to it in a eursory review of the literature, 
it is common knowledge that work is being done on the development of 
apparatus which will provide a means of making these fluorograms on 
film of 35 mm. dimension in sets that will allow for projection and view- 
ing with the aid of polarized glass spectacles; the results will be the 
equivalent of stereoscopic visualization. 

Fiuorography, in the experience of Hirsch, is applicable to the study 
of the skeleton, delineating gross bone changes and deformities. For 
some years, he stated that he has made studies of the relationship of 
habitus to visceral morphology, using films of 20 by 36 inch (51 by 
91 cm.) dimension, but the high cost of the roentgenograms has impeded 
this work. By fiuorography, however, it will now become possible to 
make such examinations of large groups at a very low cost. 

The practical utility of fluorography has been demonstrated only in a 
limited field to date; its application has been confined largely to studies 
of the thoracic cage and its contents in routine or group examinations 
made as a part of campaigns against tuberculosis; in one instance it 
had a connection with an industrial survey for evidences of silicosis and 
other types of pulmonary lesions classified as occupational hazards. 

Hirsch stated that fluorography clearly delineates the position and 
shape of the heart and, if suitable correction factors are used, the diame- 
ters of the heart shadows may be determined according to the methods 
used in teleroentgenography. The Symposium on Heart Disease at the 
meeting of the American Roentgen Raj”^ Society in September, 1938, 
dealt largely with the relation of roentgenoscopy and roentgenography 
to the making of the diagnosis in this type of lesion. Sosman^^ sum- 
marized this with the statement that roentgenologists who do not work 
with physicians well trained in cardiology can contribute more toward 
the establishment of the diagnosis of heart disease than those whose 
patients have been accurately and carefully studied by a first class 
cardiologist. The attitude of the roentgenologist, however, should be 
cooperative, remembering that the roentgenologic is only one of a 
number of methods of physical examination. “The roentgenologic 
method of examination,” he stated, “is most valuable when the physi- 
cian is trying to decide whether or not heart disease is present.” It is 
a well-known fact that valvular disease of the heart sooner or later 
results in dilatation or hypertrophy of one or more chambers. From 
the enlargement of a certain chamber and the resultant change in the 
contour of the heart one can deduce which valves are at fault.” 

Hodges® found that the voluminous literature in the field of cardiac 
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roentgenology was devoted to a considerable extent to the subject of 
cardiac measurement. Although the' normal position of the heart 
during life cannot be reliably described with anatomic accuracy, because 
of its normal mobility, certain relationships are relatively constant. 
Because distortion is inevitable when an object is projected in a beam 
of divergent rays, it is important to take steps to minimize this distor- 
tion in preparing silhouettes intended for use in estimating size. Hodges 
described in detail the positions of the patient in relation to the target- 
film axis best suited to the delineation and illustrated the normal appear- 
ance of the heart and great vessels in these various positions and ap- 
pended standards of normal measurements. Robb and Steinberg^® 
described what they had found to be a practical method for visualizing 
the four chambers of the heart and the thoracic blood-vessels of human 
beings. Their method consisted of: 1, the rapid peripheral intravenous 
injection of enough radiopaque solution (concentrated diodrast— 70%) 
into the blood stream to make the interior of the heart opaque to 
Roentgen rays during the first circulation and 2, the making of roent- 
genograms of the cardiovascular structures at the moment of their 
opacification. They illustrated the changes noted in rheumatic heart 
disease, S5''philitic cardiovascular disease, aortic aneurysms, hyper- 
tensive cardiac disease, and arteriosclerotic and cardiovascular disease. 
Freedman® found the best differential diagnostic sign between a decom- 
pensated heart and pericardial effusion was based on the change of 
cardiac configuration during changes in the position of the patient as 
described by Holmes. The most reliable method was the daily Roent- 
gen examination of the heart and the finding of considerable change in 
its size within short periods of time. Cardiac compression attributable 
to pericardial scar formation has some features that may be recognized 
roentgenographically ; the degree of fixation resulting may be determined 
with the aid of expiratory and inspiratory postero-anterior roentgeno- 
grams taken with the patient lying on either side and with lateral views 
taken during inspiration and expiration. The most conclusive sign 
of cardiac compression, calcification of the pericardium, when present, 
is visible in roentgenographic examination. Sosman described the 
roentgenoscopic appearance of calcification in the valves and stated 
that the demonstration of these lesions added considerably to the accur- 
acy in both structural and etiologic diagnoses. Levene’’^ remarked on 
the changes in cardiac size, contour and activity, occurring frequently in 
systemic disease. He discussed the roentgenologic features of non- 
valvular disease of the heart. In myocardial insuflSciency, hypertension 
and hypertension of lesser circulation he found that distinctive roent- 
genologic appearances were produced. Careful roentgenologic study, 
therefore, was Avell suited to the identification and appraisal of disturbed 
cardiac djmamics. ^ Its importance was further increased by its ability 
to depict the relationship of the greater and lesser circulation in the 
individual case. It offered confirmatory evidence of a diagnosis estab- 
lished by other clinical methods and frequently assisted in the differen- 
tiation of the causes of cardiac enlargement and decompensation, 
lyiien signs of heart disease are found before the age of twenty, the 
diagnosis usually lies between a rheumatic and a congenital lesion. 
Prior to the advent of cardioroentgenology a good many cases were 
not diagnosed or passed tlirough life classified as heart disease of rheu- 
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matic etiology. In Roesler’s'^ material positive roentgenologic findings 
were present in 85 % of all cases; these findings were of definite diagnostic 
value in 51 %. Abnormalities in the pulmonic area were approximately 
three times more 'frequent than in the aortic area. Teleroentgenoscopy 
was the ideal method of examining the aorta and pulmonary artery, 
but in the opinion of Sussman’^ ordinary roentgenoscopy in experiencecl 
hands was quite satisfactory. Modern practice requires that the inves- 
tigation should be made in at least the postero-anterior, right and left 
oblique and lateral positions. Mensuration is important but must be 
practiced only under conditions in which the projection error is minimal, 
that is, either from orthodiagraphic tracings or from teleroentgenologic 
studies. Roentgenography must be supplemented by roentgenoscopy 
for the study of pulsation, mobility, density and course. 

Economic Aspect. The most universal acknowledgment of the 
accuracy of the roentgenographic method of diagnosis over all other 
known methods by the recognized authorities concerned with diseases 
involving the contents of the thoracic cavity has impressed so man}' 
clinicians that today the greater number of them regard roentgeno- 
graphic examination as an integral part of every routine examination. 
Continued experience with this method of examination has confirmed 
this opinion and it also has demonstrated the need for multiple roent- 
genograms made with the patient in various angles in relation to the 
axis of the light beam, if the accuracy of the method is to be maintained. 
This tendency toward multiple roentgenograms was noted throughout 
the various addresses given at the Symposium on Heart Disease as 
necessary to successful study and accurate diagnosis. This multiplica- 
tion of roentgenograms has materially increased the cost of tlie indi- 
vidual examination and probably is a vital factor in the increase of the 
cost of medical care which is the subject of much thought and discussion 
at present. 

Potter has exemplified this cost factor in group survey work in con- 
nection with the prevention and cure of pulmonary tuberculosis with 
his quotation of Plunkett that the cost for finding one case of pulmonary 
tuberculosis in the age group from birth to 14 years was over 84,000. 
He asserted that in cases in which miniature films (4 by 5 inches) could 
be used this cost could be lowered to at least one-thirteenth of the cost 
of the older methods. De Abreu‘“ found the use of 35 mm. film in a 
similar line of endeavor lowered the cost to approximately 12.4% of 
that of using 30 by 40 cm. (12 by 16 inch) roentgenograms. 

In using fluorography for the examination of the thorax of recruits in 
military mobilization Holfelder and Berner made 300 to 350 examina- 
tions per hour and the resulting films were satisfactory for diagnostic 
purposes. They felt that as many as 500 films could be examined in an 
hour and an accurate diagnosis could be made from the miniature films 
(24 sq. mm.) in all cases. They studied 10,598 films and the findings 
were normal in 93.1%; pulmonary tuberculosis was detected in 0.87% 
and cardiac abnormalities, in 0.05 %. 

Comment. Hospitals and other organized medical units were created 
to provide services which were beyond the means and the ability of the 
individual practitioner to render at a cost within the means of the 
majority of persons. 
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In these organizations it was found that a liberal use of laboratory 
services, even to the point of routine examination of every patient 
admitted, materially reduced the time the patient spent in the hospital 
and also resulted in a significant reduction of the time and effort required 
by the individual patient from members of the professional staff. 

Because it replaced conjecture with factual graphic evidence in all 
cases in which it was applicable, roentgenologic investigation became 
an indispensable feature of every such organization. 

The experience of the astute and open-minded clinician was that in 
the examination of the thorax the roentgenologic method attained a 
degree of accuracy unattainable by any other method. The same was 
true of examination of the alimentary canal and of the bones and joints. 
There has been a growing tendency to request a primary roentgenologic 
examination with subsequent correlation of the factual data of this 
with that of all other examinations. 

To maintain and increase the efficiency of the roentgenologic method 
it was found necessary to increase the number of films used in the indi- 
vidual examination. For example, in the symposium on heart disease 
previously mentioned the necessity of multiple roentgenograms with the 
patient in various positions in relation to the target-film axis was 
stressed. Roentgenograms were made to check roentgenoscopic obser- 
vations and to serve as permanent records of these examinations. 

While roentgenologic examination has had many advantages, no 
doubt, it has at the same time been a factor in the increase in the cost 
of medical care. As in all other lines of human endeavor, much time 
and thought is being spent on ways and means to lessen this financial 
burden without prejudice to the efficiency of the service rendered. It 
may be that in this seed of thought, planted in 1911 by ‘the then acknowl- 
edged dean of roentgenologists, Caldwell, and revived in a true spirit 
of utilitarianism by Potter, whose opinion is highly regarded profes- 
sionally, rests the solution of the problem as far as medical practice is 
concerned. One is encouraged in this thought by the enthusiasm con- 
cerning the possibilities of the practical application of fluorography 
shown by still another roentgenologist of erudition and lolig experience, 
Hirseh, in his comprehensive presentation of the facts known to date 
concerning this new procedure. 

Because of its dual interest to those working in the field of preventive 
medicine and those engaged in the practice of medicine this subject 
seems to deserve the serious consideration of the medical profession as 
,a whole and the earnest cooperation of all who are in a position to assist 
in its development. 

C. G. Sutherland, M.D. 
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PHYSIOLOGY. 

PROCEEDINGS OF 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF MARCH 19, 1940 


The Effect of Asph3ndation by CO2 on the Gas Content of the Swim- 
bladder of Some Marine Fish. Virginia Safford (Biological Labora- 
tory, Swarthmore, Pa). It is generally agreed that the main function 
of the swimbladder of fish is to maintain the buoyancy of the fish at 
different depths. This hydrostatic activity involves gas exchange. 
The following experiments showed gas exchange in physoclistous 
marine fish where no apparent hydrostatic activity was involved, hut 
gases passed by diffusion across the gills from the sea w^ater to the blood, 
were transported by the blood and diffused out at the swimbladder. 
Likewise oxygen passed out of the swimbladder during the course of 
the experiments and so became available for respiration. The amount 
of oxygen which was absorbed was shoNvn to be limited in proportion 
to the tension of CO 2 which had been transported from tlie water to the 
swimbladder. 

The scup, sea robin, cunner, tautog, killifish and toadfish (all marine 
physoclisti) were bottled by the method of Fry and Black (Am. J. 
Physiol., 126, 497, 1939) in sea water with various tensions of CO 2 . 
The water was analyzed for CO 2 and O 2 after the death of the fish, and 
the results established a characteristic curve for each species, i. e., the 
ability to use the oxygen in the water decreases with increase in tension 
of CO 2 . The sea robin is asphyxiated by 40-60 mm. CO 2 , the scup by 
60-80, the cunner by 100-140, the tautog by 140-160, the killifish by 
200-240 and the toadfish by 250-280 mm. CO 2 . 

After asphyxiation of the fish the CO2 and O2 content of the swim- 
bladder gas were determined as well as the gas content of the water. 
The analyses* showed that CO2 is readily transported from the water 
across the gills to the blood and given off into the swimbladder, but 
that the amount of CO2 in the swimbladder reaches a maximum pres- 
sure approximating the tension of CO2 in the water to wdiich the fish 
is sensitive. The oxygen is absorbed from the swimbladder in consider- 
able quantities during the course of asphyxiation in the presence of little 
or no C 02 . When CO2 is added to the water and transported to the 
swimbladder, less oxygen is absorbed from the srvimbladder. It appears, 
therefore, that the presence of CO2 w'hich limits utilization of oxygen 
at the gills is effective in the same way at the swimbladder membrane. 


6 (Q;)-Hydroxy-Progesteroiie. Maximilian Ehrenstein and Thelma 
0. Stevens (George S. Cox Medical Research Institute University of 
Pennsylvania). The preparation of progesterones and desoxy-corti- 
costerones which are hydroxydated at various carbon atoms of the sterol 
nucleus appears desirable in order to investigate the chemical specificity 
of “corpus luteum hormone” and “cortin” action. The acetate of the 
6(a!)-hydroxy-progesterone was obtained by means of the following 
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procedure: 5-pregnan-20-on-3-ol yielded with hydrogen peroxide 
pregnan-20-on-3 (/3), 5, 6 (trans)-triol ; m.p. 256-258°. (See also: 
M. Ehrenstein, J. Organic. Chem., 4, 506, 1939). Acetylation of the 
latter furnished the 3, 6-diacetate; m.p. 215.5-216.5°. With special 
precautions, a partial saponification was performed whereby the 
hydroxyl group at carbon atom 3 was set free. M.p. of the 6-mono- 
acetate: 222-226°. Oxidation of the latter compound with chromium 
trioxide furnished pregnane-3, 20-dione-5, 6(trans)-diol 6-mono-acetate; 
m.p. 215-217.5°. This compound was dehydrated by means of dry 
hydrochloric acid in a solution of chloroform. Thereby 4-pregnane-3, 
20-dion-6(Q:)-ol acetate [6 (a) -hydroxy-progesterone acetate] was ob- 
tained; m.p. 145-146°. Saponification furnished the free 6 (a) -hydroxy- 
progesterone. It ought to be stated that tliis new substance is an 
isomer of desoxy-corticosterone. It differs from the latter insofar as 
the hydroxyl group is not attached to the side chain but to carbon atom 
6 of the sterol nucleus. 

The substance possesses a marked progestational activity; 5 mg. gave 
a strong response in the Corner-Alien test (tested by Dr. A. W. Make- 
peace). Since this dosage was arbitrarily selected, it is not known 
whether a smaller amount would produce the same effect. According 
to the literature, progesterone gives a positive Corner-Alien reaction 
when tested with 1 mg. The 6(a)-hydro-progesterone acetate will also 
be examined for “cortin” activity. 


The Effect of Diet Upon Liver Composition in the Presence of Com- 
mon Duct Obstruction. Julian Johnson, I. S. Ravdin, Harky M. 
Vars, and Harold A. Zintel (Harrison Department of Surgical Re- 
search). Dogs were given high fat diet for 2 weeks, thereby raising 
their hepatic fatty acids concentration. They were then subjected to 
complete cystic and common duct obstruction. Various diets were 
compared regarding their efficiency in lowering the hepatic fatty acid 
concentration in the presence of common duct obstruction. 

A diet high in protein and carbohydrate with no fat was found to be 
the most effective in reducing the liver fatty acid concentration and in 
increasing the liver glycogen in the presence of common duct obstruc- 
tion. This diet gave approximately the same results as the usual high 
carbohydrate diet in about one-half the time. 

An adequate caloric intake is essential in the preoperative treatment 
of the biliary patient. If the caloric intake is low it is especially impor- 
tant that the diet contain no fat. 


Experiments Upon Air-borne Infection. William Firth Wells 
(Laboratories for the Study of Air-borne Infection, University of Penn- 
sylvania). Evaporation of minute droplets expelled in expiratory pro- 
cesses enables infection to ride these droplet nuclei on air-currents. 
Quantitative experiments upon animals, inhaling nuclei-infected air, 
demonstrate the penetration of these nuclei to the depths of the lung 
with consequent production of disease. 

Studies indicate that the transfer of nuclei infection from infector 
to infectee varies with the conditions of sanitary ventilation. The 
equilibrium concentration predicted by the ratio of the elimination rate 
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to the addition rate of test organisms in semi-enclosed spaces corre- 
sponds to the concentration of nasopharyngeal organisms determined 
by sanitary air analysis. 

Respiratory infection, manifested by disease, exhibits the same epi- 
demiologic pattern of spread through aggregations sharing common 
atmospheres as do droplet nuclei and nasopharyngeal organisms. The 
pattern formed by interlocking aggregations thus conforms to the 
pattern of epidemic spread of childhood contagions. 

Similaritj'’ of pattern of spread of latent respiratory infection to 
clinically manifest contagion has been shown by immunity and sensi- 
tivity tests, and by epidemiologic studies of age incidence. Though 
many factors complicate the clinical pattern of spread of air-borne 
infection, there is no reason to believe that the epidemic pattern of 
infection spread differs from the simple basic pattern of spread of 
clinically manifest contagion. 

Aggregation within the same enclosed atmosphere implies the proxim- 
ity in time and space which dominates the idea of contagion, and is 
implied by the term “contacts.” Air-borne infections thus become con- 
tagious infections. This hypothesis of air-borne infection creates a 
vehicle adequate to convey infection with the velocity and universality 
characterizing contagion. 

Recognition of vehicles of spread of infection leads to methods of 
disease prevention. Studies on prevention of contagion by the bacteri- 
cidal irradiation of the air we breathe promise conclusive evidence of the 
importance of air as a vehicle of contagion. 
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Op equal importance almost, with the epoch-making therapeutic 
accomplishments of sulphanilamide, is a precise knowledge of its 
•modm operandi. Indeed, as far as the future of chemotherapy is 
concerned, such knowledge may come to be regarded as of para- 
moimt importance. Previous to the submission of the experimental 
evidence now to be presented, all of the theories heretofore proposed 
concerned an ultimate mechanism of action in a rather indirect 
way only. That is to say, they seemed to indicate that certain of 
the body’s fluids— such as blood serum, spinal fluid and urine^’^®-^’'“ 
—either enhanced very materially the action of the drug or vice 
versa, the drug reinforced the naturally rather weak antiseptic action 
possessed by these fluids to the point of therapeutic effectiveness. 
This mutual reinforcement, known as potentiation, has also been 
clearly shown when both sulphanilamide and specific anti-sera are 
administered to the same case.^*®’® 


However, such observations left entirely unanswered the question' 

1* . 1 no . • . T • I* 1 .1 ^ 


as to which of these effects is the primary one; nor did they affoy 
even a clue in explanation of their antiseptic (bacteriostatic) efy 
ni terms of a measurable interference with one or more spe'^ 
biochemical functions of the germ in question. This app”'^ 
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which is anti-enzymatic in nature, is practically speaking, a dis- 
tinctly new one as far as the history of chemotherapy is concerned, 
and its outlines will now be briefly formulated. 

Essentials of the New Theory. One of the requisites of a good 
bacterial culture medium is that it contain substances that neu- 
tralize the waste products formed by the gro\s*th of the micro- 
organism. Thus blood stimulates the growth of hemolytic strepto- 
cocci and pneumococci, partly because one of its components 
destroys the hydrogen peroxide normally formed by both of these 
germs. The substance responsible for this action is the enzyme 
catalase which converts the growi;h-checking hydrogen peroxide into 
water and oxygen. The hydrogen peroxide is tlierefore not per- 
mitted to accumulate to levels which would be toxic for the micro- 
organism. The opposite effect is obtained, if for any reason catalase 
fails to function. 

A compound possessing the property of inactivating catalase is 
spoken of as being anti-catalytic. Our experimental evidence indi- 
cates that when sulphanilamide undergoes slight oxidation, it be- 
comes by the same token anti-catalytic. ^^^Ien aqueous solutions 
are exposed for a brief period to ultraviolet light, the anti-catalytic 
property is enhanced several fold.” The experimental evidence also 
suggests that the oxidative processes going on within the growing 
germ represent the oxidative equivalent of ultraviolet light. The 
net result of the anti-catalytic effect is not to kill the germ neces- 
sarily, but to reduce its growth rate and render it vulnerable to the 
immune forces of the blood serum and phagocytic cells, which 
complete its destruction. Thus a pme chemotherapeutic effect, 
which initially is bacteriostatic only, may become bactericidal as 
the result of a secondary cooperation by the host's protective powers. 

The question necessarily arises as to how an anti-catalase pro- 
duced from sulphanilamide is capable of inactivating tlie enormous 
amounts of available catalase, for which the blood or medium con- 
stitutes a reservoir. It is best answered by reference to Chart 1, 
which indicates diagrammatically the state of affairs which may be 
presumed to obtain in the immediate zone about a pneumococcus. 
Here hydrogen peroxide is being elaborated within the cell and 
destro3’'ed by the catalase, which diffuses into it from the environ- 
ment. Sulphanilamide is altered to anti-catalase (AC) by the 
oxidative processes in the cell and as a result, the anti-catalase is 
present in the zone about the organism in maximum concentration. 
This anti-catalase exerts the effect of a barrier, thus explaining the 
consequent accumulation of hydrogen peroxide in the same zone. 
Thus, it would appear that the catalase reserves, that is, the total 
amount of catalase present, play little part in the reaction and that 
their neutralization in tofo need not be postulated. 

The Ex 2 )ermental Evidence. In order to demonstrate tlie validity 
of our theory it is first necessary to show that hydrogen peroxide 
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accumulates in the pneumococcus cultures at the same time that 
their growth is being checked. Such a demonstration has especial 
significance, in view of the fact that slowed growth on the part of 
a culture would naturally yield less peroxide, inasmuch as this sub- 
stance results from the growth activities of the microorganisms. 
Inasmuch as the studies demonstrating this point have already been 
published in their technical detail, the latter will not be repeated 
here. However, the following references are pertinent, Nos, 11, 14 
and 19. 

With the technique employed, detectable peroxide always ap- 
peared between 2 and 3 hours in both sulphanilamide and control 
cultures. From the third hour, retardation in growth was apparent 
in the cultures containing sulphanilamide. The amount of peroxide 



IN THE IMMEDIATE EN- 
VIRONMENT OF THE 
PNEUMOCOCCUS 

C^BT 1 .—Showing the oxidation of suphanilamide within the germ to enzyme-poison- 
ing substances (AC) , thus permitting accumulation of the toxic hydrogen peroxide. 


accumulated in these cultures continued to increase, although the 
powth, as compared with that of the controls, was becoming 
increasingly less (Chart 2). Thus the amount of peroxide per unit 
of bacterial substance became progressively greater in the presence 
of sulphanilamide. The peroxide concentrations attained at the 
5-hour period in the cultures containing sulphanilamide were of 
the same general magnitude ay is required to cause a corresponding 
inUhition of growth when peroxide teas added to a similar culture 
itntJmd sulphanilamide (0,001 to 0.003%). 

A second consideration of paramount importance in connection 
with hydrogen peroxide as a significant implementing factor in 
sulphanilamide bacteriostasis, is its dependence on an adequate 
supply of oxygen. Indeed, it has already been pointed out that the 
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formation of hydrogen peroxide requires time and oxygen, “points 
of sufficient importance as possible limiting factors in the application 



Chakt 3. — Necessity for the presence of oxygen for conversion~of Bulphanilamide 

to bacteriostatic substances. 
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of sulphanilamide therapy to occluded and rapidly developing infec- 
tion to warrant inquiry and test.”^° Therefore^ it would be impor- 
tant to show that a progressive decrease in oxygen tension of the 
cultures is accompanied by a decrease in the bacteriostatic effect 
caused by sulphanilamide. The dependence of the inhibitory power 
of sulphanilamide on ox^’^gen has been examined experimentally 
in vitro with reference to the Type I pneumococcus^® and the results 
are herewith summarized (Chart 3). 

Results. It is clear from the above chart that the average growth 
inhibition in the presence of air (21% oxj^gen) is 54%. "l^en a 
10% concentration of oxj’-gen is employed, the inhibition is 40%, 
and the decrease continues until a concentration of 1% oxygen is 
reached, where the inhibition is essentially zero. No hydrogen per- 
oxide was detected in any cultures at lower oxygen levels. Cor- 
respondingly, bacteriostasis almost disappears between the 10 and 
5% oxj^gen levels. 

There is, however, an important exception to this rule which 
requires explanation. ’V^Tien the oxj’-gen concentration reaches the 
very low level of 0.04%, there is stimulation of growth in the 
sulphanilamide cultures; but on still further reduction of available 
oxj’-gen by pyrogallate or hydrosulphite, marked inhibition of growth 
again appears. This paradoxical situation finds plausible explana- 
tion in the peculiar chemical constitution of the sulphanilamide 
molecule. That is to say, the anti-catalase activity appears to 
depend primarily upon the activation of the free amino group by oxi- 
dative processes, while the sulphonamide group may become reactive 
under anaerobic conditions. Reference to formidse of sulphanila- 
mide derivatives below shows that the sulphonamide group is sus- 
ceptible to reduction* to sulphides which are rather characteristi- 
cally toxic. It is possible that the reappearance of bacteriostasis at 
extremely low levels may be caused by perceptible amounts of these 
toxic sulphides, which in the infinitesimal amounts • produced at 
slightly higher oxygen levels (0.04%) result only in stimulation of 
grov4;h. 

Although there is a paucity of precise information of sulphanila- 
mide’s bacteriostasis imder anaerobic conditions, the recent study 
of Broh-Kahn^ shows that B. coli when respiring under strictly 
anaerobic conditions is inhibited in the presence of sulphanilamide. 
This appears to be due to the drug’s inactivation of the enzyme, 
nitratase, thereby preventing the transfer of the oxj^gen of sodium 
nitrate to sodium lactate, which is another important component of 
the special medium employed. Practically, the question of impor- 
tence that arises is the extent to which such conditions ever prevail 
in the tissues. The oxygen present in arterial blood, for example 
has been stated to be 0.6%. ’ 

* The sulfonamide group is distinguished by being reduced to the thiophenol 
group wnth relative ease, as compared to the free sulphonic acid. 



754 


MELLON, LOCKE, SHINN: 


Assuming the solubility of oxygen in broth to be essentially the 
same as in water, and assuming that equilibrium is attained at the 
higher levels of oxj^gen concentration, the oxygen present in cul- 
tures with atmospheres containing 21%, 10% and 5% oxj'-gen 
would be 0.5, 0.24 and 0.12% respectively. Thus under normal 
conditions the amount of oxygen present in plasma is adequate for 
the support of a high degree of inhibition by sulphanilamide. 
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Oxidation 
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Chart 4. — The role of oxidation-reduction in conversion of sulphanilamide to 
bacteriostatic derivatives. 


The Chemistry of Sulphanilamide Functioning as an Anti-catalase. 
The validity of the theory under discussion may be amplified, not 
to say illuminated, by reference to Chart 4. The role of oxidation, 
reduction, and substitution in the formation of bacteriostatic com- 
poimds is represented here. The larger ring shows the structure of 
sulphanilamide itself, while to the right are shown two steps of 
oxidation toward the p-nitro derivative. To the left is shown the 
hypothetical thiophenol, referred to above as possibly being respon- 
sible for bacteriostasis under anaerobic conditions. Below a typical 
case of substitution in the p-amino group is exemplified by acetyl 
sulphanilamide. 

It is a well-known fact that hydroxylamine is a very potent anti- 
catalase. It has been pointed out earlier in this paper that oxidation 
of the type produced by ultraviolet light acting on aqueous solutions 
endows sulphanilamide with marked anti-catalase properties. It 
therefore appears reasonable to select the first step of the oxidation, 
that is, the hydroxylamine derivative, as the seat of this activity. 

It is also reasonable to believe that this compound should be as 
easily produced from sulphanilamide by peroxide-producing pneu- 
mococci and streptococci as the result of equivalent processes of 
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oxidative disintegration. This belief is supported by the experi- 
ments illustrated in Chart 2, which shows a rise in the level of 
hydrogen peroxide even in the face of a diminishing growth rate of 
the microorganism. It is well known that when sulphanilamide is 
ingested, a large percentage of it is acetylated by the body and 
eliminated in the form whose type formula is seen at the bottom of 
the diagram. It is obvious that acetylation blocks the capacity for 
oxidation. Moreover, this derivative is found to be quite inactive 
therapeutically and, according to the oxidative tenets of our theory, 
we should expect it to be lacking in anti-catalase properties. By 
test we actually found this to be the case. In other words, lack of 
anti-catalase activity and therapeutic inactimty go hand in hand 
(Chart 5). 



• H 2 Oz 

o H202 PER UNIT OF GROWTH 

Chart 5. — Accumulation of hydrogen peroxide in sulphanilamide-containing cultures, 
even in the presence of a diminishing growth-rate. 


Recent findings on another class of compounds have shown that 
the hydroxyl-amino group need not reside in the para position. 
The sulphonhydroxamides, which may be devoid of any para sub- 
stituent, but which have a preformed hydroxjd-amino group attached 
to the sulphur atom, possess definite anti-catalase properties and 
correspondingly strong bacteriostatic power. However, there is as 
yet no evidence that the hydroxamide group can be formed from the 
amide group in vivo and hence in the case of sulphanilamide the 
activity must be referred to the p-amino group. 

Thus it would appear that the anti-catalase property of the drug 
IS associated with a mild oxidation of the p-amino group. When 
ultraviolet light is used as the oxidizing agent, colored compounds 
are simultaneously produced. Estimations of the anti-catalase 
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activity of irradiated and non-irradiated solutions of sulphanilamide 
showed that a marked increase in this activity appeared simulta- 
neously with the development of such colored oxidation products. 
However, the anti-catalase derivatives were clearly not identical 
with the colored products. 

Irradiation of 17 compounds related in structure to sulphanilamide 
showed that color— and therefore anti-catalase activity— was gen- 
erally produced when the p-amino group was free, and the sulphon- 
amide group was free or either partially or wholly replaced by an 
alkyl group.i® For example, no color was produced by compounds 
which have substituents in the p-amino groups, and this finding 
corresponds with what we have observed with sulphanilamide itself, 
as a result of its acetylation. But the presence of the sulphonamide 
group may be related to color production indirectly, inasmuch as no 
color was elicited by irradiation of compounds in which this group 
was replaced in whole or in part by aryl substituents. 

The Oxidation-reduction Potentials Method and Its Bearing on the 
Anti-catalase Theory, By making use of electrical methods it is 
now possible to measure with a high degree of accuracy the forma- 
tion in bacterial cultures of oxidizing or reducing substances. The 
method is of especial value when the amounts of the substance to 
be detected are minute, and when it is desirable to know the amounts 
being formed at brief intervals of time. However, the method gives 
no indication of the chemical identity of the oxidizing or the reduc- 
ing agents elaborated by the growing cultures. The curve shows 
an elevated potential in the presence of oxidizing substances, and 
the opposite when reducing substances are formed. 

Thus in cultures where peroxide was accumulating we should 
anticipate an elevated potential, and a stationary or falling po- 
tential if peroxide was being destroyed by catalase as fast as 
it was formed. In like manner the addition of reducing agents 
results in a falling potential. From two independent sources®’-® 
has come information covering these and related considerations. 
The subtended table (1) correlates their findings with our own. 
Although the two experimental approaches are different from the 
ones employed by us, they are mutually supplementary and should 
therefore be harmonious. 

The elevated potential of the sulphanilamide-containing, cultures 
contrasts with the falling one in normal cultures and is wholly 
consistent with our findings of increased peroxide production in the 
presence of sulphanilamide. In correspondence too is the effect of 
cystein whose anaerobic proclivities within the cultures have the 
same net result as our rather different method of withliolding oxygen 
from the organism. Likewise, the lowering effect of e^talase on the 
potential which is in contrast with the elevating effect of the anti- 
catalytic sulphanilamide. Pointing in the same direction is the lower- 
ing effect of acetyl-sulphanilamide which, as has been pointed out- 
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above, has no anti-catalase effect either before or after irradiation 
with ultraviolet light. The well-known therapeutic effect of sulpha- 
pyridine against pneumococcal infections would be anticipated to 
produce a rising potential as the result of its role in effecting an 
accumulation of hydrogen peroxide, which was confirmed in our 
tests for it. In fact, it was somewhat more effective than sulphanil- 
amide itself. 

Morphologic Aspects of Sulphanilamide’s Action.- In a previous 
paper^™ we have taken the position from the experimental data then 
available that the chain formations characteristically resulting from 
sulphanilamide’s action were not merely “involution forms,” which 
incidentally was the only interpretation given them up to that 
time. On the contrary, we regarded sueh pleomorphic structures 
as distinct phasic entities, although it was admitted that their 
isolation in culture would constitute the onlj’’ proof for such a 
contention. 

The experiments substantiating this point of view have recently 
been published in preliminary form.^® They show that not only a 
chained culture phase of the pneumococcus is isolatable, but a 
bacillary, diphtheroid-like phase, as well as a micrococcus-appearing 
organism. In short, a dissociative gradient of culture phases has 
been revealed, which culminates in a loss of the organisms’ specific 
capsule. Moreover, there is a diminishing metabolic gradient, show- 
ing suppression of methemoglobin production, inulin fermentation, 
hydrogen peroxide production, and virulence. All culture phases 
are reversible to the original mucoid colony of highest virulence. 
Virtually all stages showing the morphologic gradient are phago- 
cytable, which lends to the variability changes in the germ a sig- 
nificance of paramount importance, chemotherapeutically speaking. 


Table 1 . — Oxidation-beduction Potentials in Hemolytic Streptococcus Cul- 
tures Correlated With H2O2 Formation and Bacteriostasis 
IN Pneumococcus Cultures. 


Normal culture, no sulphanilamide . . . . 

Culture and sulphanilamide 

Culture and sulphanilamide 

Plus cystein 

Culture and sulphanilamide 

Plus catalase 

Culture and acetyl-sulphanilamide* . . . . 

Sulphapyridine 

* This compound, therapeutically inactive, has 
after irradiation ■with ultraviolet. 


eH.t 

H2O2. 

Stasis. 

Falling 

— 



Rising 

+ 

. -f-t- 

Rising 


+ + 

Falling 

— 


Rising 


+ + 

Falling 

— 


Falling 

— 

— 

Rising 

+ 

+ + 


no anti-catalase either before or 


t Compiled from published reports of Fox, German, and Janeway « and Warren 
Street, and Stokinger.^o 


Discussion. The most inscrutable aspect of sulphanilamide’s 
behavior lies in its therapeutic efficacy against such diverse species 
of bacteria as hemolytic streptococci, pneumococci, gonococci, men- 
ingococci, and B. coli. The fact that all of these organisms produce 
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hydrogen peroxide and that they are all rather highly sensitive to 
its toxic effect, offers plausible explanation for the drug’s broad 
therapeutic coverage. Moreover, as McLeod’- has shown, when 
the hydrogen peroxide-producing power of the pneumococcus is 
suppressed, it is no longer vulnerable to the drug; in this case, 
sulphapyridine. 

On the other hand, enzymes other than catalase are affected either 
directly by the drug or possibly secondarily by the toxic action of 
accumulated hydrogen peroxide which is known,' for example, to 
inactivate the proteolytic enzyme, papain.’® We have evidence 
that peroxydase is adversely affected”* and McLeod’- has shoum 
that certain dehj'drogenases are inactivated; wliile Broh-Ivahiff has 
shown that nitratase may also be poisoned. In other words, we are 
sponsoring an anti-enzymatic conception without, however, limit- 
ing the effect to a single enzyme. J\Ioreo^'er, inasmuch as such 
effects appear to be implemented by oxidation-reduction mechan- 
isms, the conception does not exclude toxin-inactivation as supported 
by Carpenter.® Toxins are notoriously susceptible to oxidation. 

The oxidati\'e-enzymatic theories are rather generally supported 
by clinical evidence. That is to say, virtually all of the infections 
decisi^^ely influenced are of aerobic nature. An exception is the 
staphylococcus, which, howe\'er, is prone to form localized abscesses 
even when the infection is generalized. The highly reducing nature 
of these lesions is regarded as preventing the oxidation of sulphanila- 
mide that conditions its anti-enz.ymatic effect. IWiether tliis 
explanation is completely adequate will perhaps be apparent when 
more is known of the action of the sulphathiazoles, which appear 
especially promising in their effect against this organism. 

It is also possible that the protein degradation products present 
in abscesses may condition the action of the drug in accordance with 
mechanisms that are not anaerobic. Our prerdous demonstration 
of the decisive action of sulphanilamide against B. coli in urine, but 
not in peptone-containing media, was sufficiently clear-cut to leave 
no doubt of the importance of environmental factors. In fact, they 
may result in multiplying the effect of the drug many times. This 
potentiating action, as it is called, is particularly conspicuous when 
anti-sera are combined with the drug. 

The only formidable objection that has been raised to tlie per- 
oxide-catalase theory is the claim of Fuller and Maxled’ that 
Type 3 hemolytic streptococci did not produce hydrogen peroxide. 
Since the recent demonstration by the Hadleys® that these Type 3 
strains could readily be dissociated into phases which produced 
abundant hydrogen peroxide, the objection would seem to have 
lost most of its force. 

Conclusions. 1. The free amino group of sulphanilamide when 
incompletely oxidized becomes poisonous for catalase, as a result 
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of which the toxic hydrogen peroxide produced by many pathogenic 
organisms is permitted to accumulate in their cultures. 

2. In addition to catalase, other enzymes are adversely affected 
by the intermediate oxidation products of the sulphonamide com- 
pounds. As known so far, they are peroxydase, certain dehydro- 
genases, and nitrotase. The nutrition of the bacteria is thus 
seriously affected, and bacteriostasis results. 

3. The effect of such bacteriostasis against pneumococci in vivo 
is to bring about their “dissociation” into culture phases, whose 
principal metabolic functions, including hydrogen peroxide forma- 
tion and virulenccj are so critically suppressed that the organisms 
fall easy prey to the destructive action of the phagocytes. 
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THE EFFECT OF SULPHANILAMIDE COMPOUNDS ON 
ENDOCARDITIS.* 

By Ralph H. Major, M.D., 

PROFESSOR OF MEDICINE, UNIVERSITY OF KANSAS SCHOOL OF MEDICINE, 
KANSAS CITY, KANSAS. 

(From the Department of Internal Medicine, University of Kansas Hospitals.) 

In discussing any therapeutic measure which seems to have an 
effect on certain cases of infectious endocarditis, three outstanding 
criteria rnust be satisfied. First, a diagnosis of endocarditis must 
be established with reasonable certainty; second, we must remember 
that spontaneous cure of subacute infectious endocarditis occasion- 
ally occurs; and third, variation of the virulence of certain infections 

* Presented before the meeting of the American Clinical and Climatological Asso- 
ciation, Saranac Lake, New York, October 11, 1939. 
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from year to year is a well-known fact of epidemiolog}^, a possible 
factor when considering the experience of Capps.^ 

The diagnostic triad which has been rather generally accepted 
for the diagnosis of subacute infectious endocarditis or endocarditis 
lenta is the presence of petechim, splenomegalia, and S. viridans in 
the blood stream. The relationship of this triad to give the correct 
diagnosis of endocarditis lenta is discussed in detail in a recent 
paper by Middleton and Burke,'' which is based on the study of 
88 cases. These authors found that in their series petechise were 
present in 60%, a palpable spleen was found in 70% of the cases, 
and streptococci in 70% of tlie cases. It is noteworthy, however, 
that 10% of their cases had no blood cultures and 13% were nega- 
tive from 1 to 6 times. 

We have recently made a study of our own cases during the past 
6 years, some 15 in number, 'V\'hile this number is not of the magni- 
tude of many studies reported in the literature, yet from our point 
of view, it has the advantage that every patient was studied per- 
sonally, examined many times, and followed to necrops 3 ^ In our 
series, petechise were present in only 50% of the cases, enlarged 
spleen in 60%, and positive blood cultures in every case but one. 
The existence of cases of endocarditis lenta with negative blood 
cultures is too well established, of course, to be doubted, although 
the question may still be open as to whether the blood stream itself 
is actually sterile or whether the culture methods employed may 
not have been favorable for growth. Our observations indicate 
that the presence of S. viridans in the blood stream in conjunction, 
of course, with fever and heart murmur is the most important and 
constant finding in endocarditis lenta. Streptococcus viridans, of 
course, appears from time to time in the blood stream without 
endocarditis, the result of bacterial invasion from elsewhere. We 
have seen 2 such cases from subcutaneous infections in which the 
same organism was recovered from the blood stream. In such 
patients, however, the positive blood culture lasts only a few days 
or even hours. In our experience the presence of 8. nridans in the 
blood stream in three to five cultures over a period of 1 to 2 weeks is 
almost convincing proof of the evidence of endocarditis when the 
other signs are present. 

During the past 5 years we have seen an increased interest in the 
treatment of streptococcic infections which is directly traceable to 
the work of Domagk, who demonstrated the specific effect of dyes 
containing sulphanilamide upon streptococci, particularly the beta 
streptococcus, better known as the hemolytic streptococcus. This 
work is so familiar that a review of it is quite unnecessary. The 
effect produced by prontosil or sulphanilamide upon streptococci, 
and as it was later shown on pneumococci as well, quite naturally 
suggested its employment in the treatment of subacute infectious 
endocarditis. 
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In 1938 Hussey^ reported— in his own words— a case of ‘'probable 
bacterial endocarditis, apparently cured with sulfanilamide/^ 
As he himself notes, his diagnosis is open to question since the first 
two blood cultures were sterile, while the third one showed a herno- 
lytic streptococcus. On the fifth day the patient had an elevation 
of temperature of 103.6°. Subsequent blood cultures were sterile. 
The patient received sulphanilamide for 25 days, and was dismissed 
from the hospital apparently cured 4 weeks after discontinuance 
of the sulphanilamide therapy. This clinical history obviously 
bears little resemblance to a typical subacute endocarditis, and the 
diagnosis of hemolytic streptococcus septicemia would seem more 
likely. Spink and Crago,® reported the beneficial effect of sulphanil- 
amide on 2 out of 12 patients suffering from subacute infectious 
endocarditis. 



Case 1.— On April 13, 1938, a patient was admitted to the University of 
Kansas Hospitals, and was subsequently diagnosed as subacute infectious 
endocarditis. This patient had been under observation in the Out-Patient 
Department for 8 years Avith the diagnosis of mitral and aortic valvular 
disease. On several occasions she had been sent home and put to bed for 
marked cardiac failure. 

One month before admission to the hospital, the patient had an abortion 
which was followed by chilly sensations and some fever. These symptoms 
apparently lasted only 2 or 3 days, following which she felt perfectly well. 
One week before admission to the hospital she began to have nhillR and 
sweats every afternoon, and apparently some fever. 

On admission to the hospital the patient showed an enlargement of the 
heart. There was a systolic murmur at the apex and a diastolic murmur 
over the aortic area. The spleen was enlarged and there were a few petechise 
over the neck. She showed a moderate secondary anemia. 






Fig. 3. — Section of heart valve, Patient 1. 
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Laboratory examination showed red blood cells 3,940,000, with 78_% 
hemoglobin, leukocytes, 17,500. Blood culture, taken on the day of admis- 
sion, was positive for S. viridans, as were blood cultures on April 14 and 15. 

The patient was started on prontosil, 10 cc. intramuscularly twice a day, 
and 10 grains of sulphanilamide four times a day. Ten days later the pron- 
tosil was given intravenously, 10 cc. doses t.i.d. for 2 days and then twice 
a day until May 13, at which time the treatment of prontosil was discon- 
tinued. The patient’s temperature did not go above normal on April 26, 
13 days after beginning the treatment, and from that time on it remained 
normal. Blood cultures taken on April 23 and 27 and May 2, 7, 11, 17 and 
20 were negative. On May 5 the patient's spleen was no longer palpable. 
The temperature curve of this patient was very striking (Fig. 1), but even 
more strhdng are the sedimentation charts at various periods (Fig. 2). 

One month after the patient’s temperature had become norinal she died 
from what appeared to be cardiac failure. We were much disappointed, 
naturally, since we felt we had cured the patient from subacute endocarditis 
only to have her die of cardiac failure. However, we were comforted by the 
fact that it would give us the opportunity to study the patient’s heart. 
The study of this heart showed that the patient had both an old aortic and 
mitral lesion, and in addition to this, a recent endocarditis on both valves, 
which was in the process of healing, the healing being more marked in the 
aortic valve (Fig. 3). The cultures taken from the valves were sterile, and 
microscopic sections gave abundant proof that healing was taking place. 

This experience with prontosil filled us, naturally, with a desire 
to try further the effect of sulphanilamide and allied compounds 
in the treatment of endocarditis. 

The work of Maegraith and Vollum,® who found sulphapyridine 
to have a particularly marked bacteriostatic effect on the S. viridam, 
suggested the employment of this drug. Soon after, we had an 
opportunity of testing it out on a patient. 

Case 2. — W. G., aged 36, was admitted to the University of Kansas 
Hospitals March 10, 1939. The patient had had rheumatic fever at the 
age of 14, which left him with a mitral lesion. The present illness began 
1 month before admission to the hospital, at which time the patient ob- 
served that he had a daily evening temperature varying from 101° to 102°. 
Blood cultures at the time of onset showed S. viridans. Four other blood 
cultures were positive. The patient went to bed 3 weeks before admission 
to this hospital, and during that time received 1350 grains of neoprontosil 
by mouth, and 190 cc. of neoprontosil intramuscularly. Dr. Corrigan, of 
Wichita, I&nsas, kindly referred him to us for further treatment. At the 
time of his admission he showed a temperature of 101.6°, a moderate 
anemia; R.B.C., 3,610,000 with 66% hemoglobin and 14,000 leukocytes. 
Blood cultures on that day showed S. viridans. He was started on sulphapy- 
ridine, 1 gm. every 6 hours. His temperature fell to normal in 24 hours 
(Fig. 4), and he showed no further positive blood cultures, although they 
were performed regularly three times a week. He was dismissed from the 
hospital on April 22,_ 1939, and remains well up to the present time. The 
patient’s sedimentation chart is eloquent witness of improvement in his 
condition (Fig. 5). 

Case 3.— The next patient who showed a favorable response to therapy 
was a white woman, aged 40, who was admitted to the University of Kansas 
Hospitals on August 2, 1939. She had not been in good health for 2 years 
and for 2 or 3 weeks before admission to the hospital she noticed fever in 
the evenings accompanied , occasionally by a chilly sensation. Physical 
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examination showed cardiac enlargement, systolic thrill and murmur at 
the apex. No petechias were seen, but the spleen was easily palpable two 
fingers’ breadth below the costal margin. The patient’s temperature in 


SULFAPYRIDINE 




Fia. 5.— Sedimentation rate, Patient 2. 

the first few days after admission varied from 99° to 101°. The blood 
examination showed R.B.C., 4,130,000; W.B.C., 6300; hemoglobin, 69%. 
Three blood cultures showed the presence of S. viridans. Treatment with 
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sulphapyridine, 6 gm. daily, was commenced on August 12. Blopd cultures 
taken on August 12 and 13 were negative. On August 14, S. was 

present in the blood stream. This was the last positive culture obtained. 


SULFAPYRfOINE 




Fig. 7. — Sedimentation rate, Patient 3. 

Since this period the patient has had 3 blood cultures weekly; they have 
all remained sterile. The patient showed marked improvement in her sub- 
lective symptoms and the spleen gradually receded in size and at present is 
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rather palpable on some days while on other days it cannot be felt. The 
temperature curve and the blood sedimentation rate are shown in 
Figures 6 and 7. 

Wliile this is too short a time to say positively that the patient has 
recovered from the infection, we are, however, justified in saying that 
clinically she has shown outstanding improvement and bacteriologically, 
her blood stream is sterile. 

In contrast to these 3 patients who apparently recovered from 
subacute infectious endocarditis there were 4 patients who died. 

Case 4.— -The first patient was a colored man, aged 24, who was in the 
hospital for 1 month and was treated Avith prontosil, receiving in all, 15 gm. 
His blood cultures remained positive and he died 2 weeks after leaving the 
hospital. 

Case 5.— The second patient was a girl, aged 17, wlio showed on physical 
examination the signs of pulmonary stenosis and a patent ductus arteriosus. 
She was in the hospital from November 25, 1938, to March 9, 1939. She 
received, during this period, 58 gm. of prontosil and 58 gm. of sulphapy- 
ridine and showed 21 positive and 17 negative blood cultures. She died 
5 months later. Autopsy showed a patent ductus arteriosus and very 
profuse vegetations. 

Case 6.— The third patient, a young man, aged 22, who was treated 
from July 1, 1939, and died on August 14, 1939, received 162 gm. of sulph- 
apyridine and 3 gm. of prontosil. The last 4 blood cultures were negative. 
Autopsy showed a healing endocarditis, acute and chronic nephritis, and 
an advanced adhesive pericarditis. 

Case 7.— The fourth patient was a man, aged 27, who was a patient in 
the hospital from February 27, 1939, until his death on September 16, 1939, 
He was treated with sulphapyridine and while under treatment showed 
negative blood cultures from March 20, Avhen treatment began, until nearly 
5 months later. Treatment Avas discontinued on July 28, and the blood 
cultures became positive on August 10. Treatment at this time Avas re- 
neAved and the blood cultures became negative and remained so until his 
death 5 Aveeks later. Autopsy shoAved an endocarditis and a massive cere- 
bral hemorrhage. Although this patient shoAved negatwe blood cultures 
for 6 months and occasional afebrile periods, his sedimentation rate re- 
mained unchanged throughout— the picture of an acute infection. 

Our experience of the past year shoAvs then that Ave liax'^e had 7 
cases of endocarditis Avhich have been treated with sulphanilamide 
or sulphanilamide compounds Avith 3 apparent recoA’^eries. 

The question as to AA'^hether these recovei-ies Avere due to the 
specific therapy cannot, perhaps, be positiA^'ely answered at this 
time. Further experience may be necessary. Such a conclusion, 
hoAvever, would seem to be tentatively justified. 

As mentioned above, Ave saw no recoveries AAdiatcA'-er in our last 
15 consecutive cases, whereas Ave haA’^e seen a number since Avith 
sulphanilamide compounds. Ellis- noted that in 2 patients AAuth 
subacute bacterial endocarditis, treated Avith sulphanilamide, that 
the drug apparently had a marked effect on the temperature and 
improved the clinical condition of the patient although the later 
outcome Avas not stated. Ravina describes a patient in Avhom the 
temperature fell, and the patient AA'as clinically improved by the 



majok: sulphanilamide compounds in endocarditis 767 

use of sulpliapyridine. Whitby“ has described the use of sulpha- 
pyridine in 3 cases of subacute bacterial endocarditis with improve- 
ment in general health and comfort, and with marked falling in 
temperature. The effect upon the temperature may not, however, 
be specific, since there is evidence that this drug has temperature- 
lowering effects. We have, however, also noticed striking improve- 
ment in the patient’s clinical condition, and even in the patients 
who did not recover, administration of this drug was followed, 
usually, by an alteration in the blood cultures. Negative blood 
cultures became more frequent; the number of organisms seemed 
to be definitely reduced, and certain changes in the morphology 
of the cocci appeared. 

The response to the drug varied in different patients in this 
series. The first patient who recovered from the endocarditis 
received only 15 gm. of prontosil and 5 gm., of sulphanilamide in 
the course of a month. The second patient, wdio showed no response 
whatever received 25 gm. of prontosil in 1 month. The third 
patient, w^ho also showed no improvement w^hatever, received a total 
of 50 gm. of prontosil and 95 gm. of sulpliapyridine. 

The next patient who recovered received 144 gm. of sulphapyri- 
dine. The dosage was 4 gm. a day for 36 days. Fortunately, this 
patient could take the drug wdthout vomiting or nausea. Later 
this patient’s blood was examined for the sulpliapyridine content 
on different days and at different hours of the day— nine determina- 
tions in all being made. The sulphapyridine content of the blood 
never fell below 4 mg. per 100 cc. and was usually from 4.5 to 4.95. 
The second patient on whom sulphapyridine was used and in whom 
failure was recorded, showed on one occasion the sulphapyridine 
at 5.6, but an average that was 3 mg. or less. 

The last patient who apparently recovered, took sulphapyridine 
by mouth with little or no discomfort. She has received 6 gm. per 
day for 43 days. The blood sulphapyridine content has varied from 
1.58 mg. to 8 mg. per 100 cc. After the first 3 days it was constantly 
above 3 mg. per 100 cc. She has received 258 gm. of sulphapyridine 
in all, with no bad effects. The blood count improved from 4,130,000 
on August 3, 1939, to 4,590,000 on September 20, 1939. The hemo- 
globin on August 3, 1939, was 59%, and on September 20, it was 
83%. The differential count remained normal. 

Conclusions. Our series of cases, while extremely small, shows a 
much higher percentage of recovery than reported by any of the 
other authors except Oille, Graham and Detweiler.* The very 
prompt fall of temperature, appearance of negative blood cultures, 
disappearance of the enlarged spleen, and markedly improved well- 
being of the patient, seen after the therapy was instituted, suggests 
verj^ strongly that we are dealing wdth a specific effect. I realize, 
however, that endocarditis lenta, in many instances, is essentially 
a chronic disease, lasting for months and sometimes years. For this 
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reason, time will probably speak the decisive word. Meanwhile, 
we are, however, safe in drawing the following conclusions: 

1. Patients with endocarditis lenta, treated with prontosil and 
sulphapyridine, in some instances show a fall of temperature to 
normal, the disappearance of the organisms in the blood stream, 

2. It is possible tliat in some cases where the vegetations were 
small, healing may follow. In other cases where the vegetations 
were more extensive the organisms will probablj’^ live for a long time 
embedded at the base of the vegetations although the blood stream 
remains sterile. 

3. The blood sedimentation rate has been of great value in deter- 
mining the activity of endocarditis. In the cases which apparently 
recovered, the blood sedimentation rate has become normal. In 
certain other patients, even though the temperature had fallen to 
normal and the blood stream remained sterile, the sedimentation 
rate was that of an acute infection and made us verj' suspicious 
that the processes remained active, a suspicion confirmed by the 
subsequent course of events. In 2 such patients the cessation of 
sulphapyridine resulted in the organisms reappearing in the blood 
culture. 

Addendum — Cases 2 and 3 are clinic.ally well on March, 1, 1940. 
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Following the first description of sickle-cell anemia by Herricld^ 
in 1910,, it was thought for a number of years that this disease was 
confined exclusively to people of the Negro race. The occurrence 
of the disease in white persons, however, was reported by Cooley 



SICKLE-CELL ANEMIA IN A WHITE FAMILY 769 

and Lee,®“ Pincus and Rosenfeld/® Clarke,® Cooke and Mack,'^ 
Haden,i2 and Weiner .2® These cases, 11 in all, constitute authentic, 
unchallenged instances of this interesting disease. The majority 
of the cases occurred in persons from Mediterranean countries, 
especially Italians. Although additional cases have been reported, 
they have been questioned for several reasons because of failure to 
show sickling with microphotographs, mistaken elliptical red cells 
for sickle cells and because of the great likelihood of the admixture 
of negroid blood in geographical locations, where inbreeding is 
obviously quite common.2’®’i®'i® Excellent contributions dealing 
with the various aspects of the disease have been ably described 
by many authors. 
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Chart 1. — Black rectangles indicate those who showed sickling of the erythro- 
cytes. To the right the mother and the two daughters; to the left, the aunt and her 
Bon. 


This communication is concerned with a report of the study of 
23 members of a white Italian family of Sicilian birth or extraction, 
5 of whom showed sickling of the red blood cells (Chart 1). The 
ancestors of this family were born and lived in Naro, Sicily, the 
parents of the persons whose cases are reported immigrated to the 
United States 32 years ago. 

Case Abstracts. Case 1. Lena A., a white female, born in the United 
States, aged 22, entered the hospital on March 17, 1939. Present ill- 
ness began 2 Aveeks before admission, when she suffered with weakness 
malaise, epigastric distress followed by abdominal pain radiating to the 
back, pains in the extremities with localized areas of exquisite tenderness 
swellings which were migratory in character, palpitation, dyspnea 
slight dysmenorrhea, nocturia three or four times and loss of 8 pounds in 
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weight since onset of illness. She noticed that the scler® were yellow, the 
urine dark red and stools light colored. An identical episode occurred at 
the age of 9 and recurred approximately every 6 months. The icterus, the 
pain in the abdomen and the extremities would subside; except for occa- 
sional weakness and pains in the limbs she remained fairly well for a period 
of 3 years preceding the onset of the present attack. 

Past History. Varicella and two attacks of pleurisj^ in the left chest, 
tonsillectomy 2 j’ears ago. 

Family History. Parents were born in Italy. Father died of heart dis- 
ease at the age of 57. hlother, one sister and two brothers are alive and 
well. 

Physical Examviation. Patient is fairly well nourished. She appears 
acutely ill: pallor, wealcness and general malaise, temperature 101°, pulse 
90, respiration 25. The features are not coarse, hair is abundant, straight, 
brown in color. Sclerse are subicteric. There is no adenopathj', no thyroid 
enlargement. Chest: small area of tenderness over left anterior chest in 
the first and second interspaces, no redness or swelling. Lungs: are nega- 
tive. Heart is slightly enlarged, systolic thrill felt over apex and a systolic 
murmur at the apex not transmitted. Blood pressure: 104 mm. Hg. sys- 
tolic, 68 diastolic. The liver percusses three fingers below costal margin. 
Right kidnej’^ is palpable and tender. Positive right jMurphj* sign. Spleen 
is not palpable. Extremities: right ann is swollen and exquisitely tender 
on the inner aspect, no induration, redness nor heat. Right leg, anterior 
middle one-third is bluish-red and verj' tender; left leg shows slight pretibial 
tenderness, no swelling nor discoloration. Skin is free from eruptions or 
ulcerations. Neurological examination is negative. 

Laboratory Data. Blood count on admission: Hemoglobin, 62%, red 
blood cells, 4,700,000; white blood cells, 31,000; platelets, 225,000, color 
index, 0.66. Differential count: neutrophils, 84%, Ijnnphocytes, 11%, 
monocytes, 4%, eosinophils, 1%. Erythrocytes showed marked aniso- 
cytosis, macrocytosis and microcytosis, polychromatophilia, hj^pochromia, 
normoblasts, macroblasts, coarse basophilic stippling and reticulocj’tosis 
(see also Table 1). Icterus index ranged between 12 to 4. Fragility* of red 
cells to hjqjotonic saline began at 0.34% and was not complete at 0.28%. 
Van den Bergh was positive, delayed, direct. Sedimentation rate 18 mm. 
in one-half hour and 26 mm. in 1 hour. Bleeding time, coagulation time 
Rumpel-Leede and clot retraction were all normal, blood Wassennann was 
negative. Blood proteins: serum albumen, 3.63; globulin, 2.26. Blood 
chemical findings in mg. per 100 cc.: glucose, 101; NPN, 33; creatine, 1.7; 
cholesterol, 160. The COj combming power was 55 vols. %. No auto- 
agglutination present. Urine; Sp. gr., 1,012; albumin trace, moderate 
number of hj’^aline casts, rare epi,hrocytes and leukocjies, bile negative, 
urobilin present in the 1 to 10 dilution, cevitamic acid, 0.8 mg. per 100 cc. 
urine, occasional hemosiderin crj^stal, no hemogloliin. Basal metabolism 
—5%. Electrocardiogram normal. Roentgen ray studies: liver enlarged 
and ptosis of right kidney; no biliary calculi; chest, skull and long bones are 
negative. 

On two occasions wet preparations were studied for sickling with nega- 
tive results. On April 16, 1939, 4 weeks after admission, one of us repeated 
the test and definite 100% sickling was observed within 24 hours (Fig. 1). 
This was repeated several times with similar results. The stained blood 
smears showed verj"- few sickle-cells. Sternal marrow puncture; presents 
a picture of hj'^perplastic nonnoblastic marrow. 

Course. With bed rest and sjunptomatic treatment 3 daj^s after admis- 
sion the fever, abdominal pain and pain in the extremities subsided. The 
appetite improved but weakness continued. Oir March 31st, 14 days after 
admission, patient complained of pain in left anterior chest over the first 
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and second ribs, 1 inch from the sternum. Two tender, fimi, nodular sub- 
cutaneous swellings appeared which subsided m 48 hours. She was out of 
bed and gained weight and was free from s^ptoms_. She was discharged 
on April 26, 1939 (40 days after admission). She remained well until July 21, 
1939, when she complained of pain, swelling of the left arm; this was quite 
tender over the outer aspect and subsided within 3 days. 


Table 1.— Blood Findings in Case 1. 
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sickling. 

4/17 

62 

5.1 

18.9 

65 

17 

48 

25 

6 

3 

1 

5 

8 

Many sickle-cells, anisocytosis, W. P. 
100% positive. 

4/19 




59 


59 

25 

i 

I 

i 

1 

22 

As above. 


B 

4.3 

18.7 

63 

9 

54 

28 

E 

■ 

1 

1 

21 

Anisocytosis, many sickle-cells. 
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Hypochromia, aniso-, poikilocytosis, poly- 
chromasia, stipplina, Howell-Jolly body, 
W. P. 100%. 


W. P.=wet preparation for sickling. 


It is obvious from the clinical course and hematological findings that this 
patient presents the typical picture of sickle-ceU anemia in its acute phase. 

Accordingly, all the available relatives of the patient were requested for 
examination. Twenty-two other members of the family were stndied for 
the sickle-cell trait, 4_of whom showed this phenomenon with 100% sickling 
in 24 hours. These included the patient's mother, and a younger sister 9 
years old, an aunt 26 years old and her son 6 years of age. Because of 
tjqncal features in the case of the child of 9, we wish to report her as the 
second case of sickle-cell anemia in this series. 

measles, pertussis, othenvise enjoyed 
good health. Examination reveals a fairty well nourished Italian child 
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with features similar to those of her sister. The positive findings consist of 
slight pallor, sub-icteric tinge to the sclerte, spleen palpable 3 fingers below 
left costal margin and liver felt fingers below right costal margin. Icterus 
index of 15. Decreased fragility of erj>^throcytes which began at 0.36 and 
was not complete at 0.28. Blood counts are recorded in Table 2. Van den 
Bergh positive delayed. 

This patient presents the t 3 ’‘pical picture of sickle-cell anemia without 
having developed any subjective sjonptoras of the disease up to the present 
time. 

The remaining 3 patients showed no evidence of anemia, i. e., are exam- 
ples of sicklemia. Blood studies in these cases are recorded in Table 2. 


Table 2.— Blood Findings in Cases 2 to 6. 
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W. P.^wet preparation for aickling. 


Case 3.— -Mary A., aged 51, mother of the previous patient, was born in 
Naro, Italy. She has always been in excellent health and has had 4 children. 
Her appearance is that of a southern Italian, who does not appear older than 
her stated age. Physical examination is entirely negative. There was de- 
creased fragility of erythrocytes which began 0.40 and was not complete 
at 0.28. Slightly delayed positive Van den Bergh. 

Case 4. — Jennie P., aged 26, a sister to the previous patient, born in 
SicUy and arrived in the United States at the age of 3 3 ’^ears. The significant 
facts in her history are that at the age of 14 years she suffered with an attack 
of appendicitis which was treated conservatively. Six years ago she had 
infectious polyarthritis with anemia of sufficient severity to require hospital- 
ization. Three years latter she had a second less severe attack. Except for 
fatigue while at work she is in excellent health. Examination reveals a 
rather obese female, fair complexion, straight brown hair; the heart is not 
enlarged, loud first sound, accentuated P2, no murmurs, abdomen is nega- 
tive. There was decreased fragility of the erythrocytes which began at 
0.38 and was not complete at 0.28. 

Case 5. — Charles P., aged 6 years, son of the previous patient was born 
in the United States. Past history of suppurative adenitis, measles and per- 


















































Fig. 1. — Micro-photographs of moist cover-slip preparations showing sickling in 
Case 1 (high dry power magnification). 
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tussis At present he is in excellent health. Examination is entirely nega- 
tive except for the presence of palpable post-cervical lymph nodes, hyper- 
trophied tonsils and under-nutrition. 

Comment. The sickling phenomenon is clearly demonstrated in 
5 members of this white Italian family. The trait has been trans- 
mitted for three generations through the paternal branch of the 
family, whose ancestors inhabited Sicily. Most of the recorded 
cases in the white race appear to have their origin in this locality. 
Since it is known that this region is signally free from Negro inhabi- 
tants, it may be assumed that if there was any admixture of negroid 
blood, this must have occurred many centuries ago.® 

The 5 cases can be classified into two groups. Those with anemia, 
or sickle-cell anemia, and those without anemia, or sicklemia. Car- 
doza"* suggests that patients with sicklemia are potentially anemic 
and that those who are anemic may revert to the non-anemic phase. 
Our cases may be placed into three distinct divisions: 1, sickle- 
cell anemia with symptoms, Case 1, which presents the clinical 
and hematologic findings of sickle-cell anemia. It is worthy of note 
that the correct diagnosis was not made until the age of 22, although 
she had suffered from the disease according to the history since the 
age of 9. It was the consensus of opinion that she was suffering 
from some form of congenital or acquired hemolytic anemia from 
all the data referred to, but failure to demonstrate sickling left the 
actual diagnosis in doubt. It should be emphasized that with 
repeated careful technique of wet preparation, sickling may be. 
easily demonstrated. 2, Sickle-cell anemia without symptoms. 
Case 2, who has definite anemia and splenomegaly. One may predict 
that a picture not unlike that of her sister may appear sometime in 
the future. The patient’s age and the presence of splenomegaly 
raised the question of the value or advisability of splenectomy as 
a helpful therapeutic procedure. 3, The remaining 3 cases show the 
sickling trait without anemia. In addition to sicMing, all the cases 
showed the constant finding of decreased fragility of the erythro- 
cytes. Because of the dubious history of two episodes of infectious 
arthritis and anemia in Case 4, absence of residual cardiac findings, 
she might have possibly suffered from sickle-cell anemia crises on 
those occasions and is now in the stage of remission. Her son. 
Case 5, only 6 years of age, may be in the early phase of the disease 
in whom symptoms have not yet developed. The oldest member 
of the group may be an example of a case in the recovery phase. 
It has occurred to us that these groups may represent different phases 
of the same disease and that observations of similar cases over a 
period of several^ years may lead to valuable information and test 
the validity of this suggestion. 

inclusions. Two additional cases of sickle-cell anemia in a 
white Italian family are reported. The first case escaped detection 
tor many years although symptoms were evident since the age of 9. 

tol. 199, NO, C. — 1940 27 
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The second case is still asymptomatic. The entire group of 5 
cases showed the sickling phenomenon and the constant finding of 
decreased fragility of the erythrocytes. It is emphasized that in 
obsciure cases of hemolytic anemia in white patients, especially 
from Mediterranean countries, repeated wet preparations with 
careful technique should be applied. Because of the unusual oppor- 
tunity presented in the study of this group which demonstrates 
various phases of the disease from its active to the latent stages, the 
suggestion is advanced that those having the sickle-cell trait repre- 
sent patients with sickle-cell anemia in one of its phases. 

We wish to express our sincerest gratitude to Prof. Linn J. Boyd of the Department 
of Medicine, for his permission to report these cases and for his many valuable sug- 
gestions. 
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THE EFFECT OF STORAGE ON THE PROTHROMBIN CONTENT 
OF GITRATED BLOOD. 

By John Reinhold, Ph.D., 
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Eleanor H. Valentine, M.D., 

AND 
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ASSISTANT PHOPESSOR OP SURGERY, UNIVERSITY OF PENNSYLVANIA; SURGEON, 
PHILADELPHIA GENERAL HOSPITAL; ASSISTANT SURGEON, HOSPITAL OP THE 
UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

(From the blood bank and Laboratories of the Philadelphia General Hospital.) 

Transfusion of blood is an established adjunct to vitamin K 
therapy for maintaining or restoring safe concentrations of pro- 
thrombin. Recently, Rhoads and Panzer^ concluded that storage of 
blood diminishes the concentration of prothrombin and impairs its 
value for treatment of hemorrhage due to prothrombin deficiency. 
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Transfusion of blood stored a week or more, according to these 
authors, would be practically useless for the purpose of increasing 
nrothrombin. Only fresh blood would be considered suitable, in 
disagreement with this view, is the work of DeGowm, Harris and 
Plass^ who found, using the prothrombin method of Smith, Srmk- 
hous and Warner, that “prothrombin is not seriously impaired 

by 2 weeks storage.” _ _ ^ j s- 

Because of the wide use and ready availability of stored blood tor 
transfusion, many hospitals have installed blood banks. It seerned 
important, therefore, to secure additional information concerning 
the stability of prothrombin in preserved blood. 


Method. Fifteen cubic centimeter samples of blood contributed to the 
blood bank of the Philadelphia General Hospital were measured into 30 cc. 
wide mouth bottles, stoppered and stored in the refrigerator at 5° C. under 
the same condition as the main portion of the blood. Bottles of this size 
exposed relatively the same surface area to the air as was exposed in the 
Erlenmeyer flasks in which blood was preserved. One-tenth volume of 
2.5% sodium citrate added to the blood when collected served as anti- 
coagulant. Prothrombin and certain other constituents were measured in 
triplicate in the blood specimens at 3- to 7-day intervals for 3 to weeks. 
Quick’s method^ was employed for determination of prothrombin. It was 
found that this method could be applied to citrated blood with results corn- 
parable to those obtained by use of oxalated specimens. Thromboplastin 
was prepared from rabbit brain and was assayed before each run by means 
of normal human plasma. Since most preparations of thromboplastin 
failed to cause normal plasma to clot in the average time of 12.5 seconds 
found by Quick, results have been corrected by the following formula; 

Prothrombin time on first day ^ r. , 

— ~T2'5 ^ prothrombin time after storage = cor- 

rected prothrombin time. The corrected time was converted to per cent of 
normal prothrombin by means of the graph published by Quick.® 


Table 1. — Prothbombin Values of Stored Blood. 

Prothrombin, % of original value. 

Spec. . — — , 

No. Days stored; 0. 3. 6-8. 13-17. 21-22. 28-29. 32-39. 


1 . . . 

100 

2 . . . 

100 

3 . . . 

100 

5 . . . 

100 

6 . . . 

100 

7 . . . 

100 

8 . . . 

100 

9 . . . 

100 

10 . . . 

100 

11 . . . 

100 

12 . . . 

100 

13 . . . 

. 100 

14 . . . 

. 100 

15 . . . 

. 100 

10 . . . 

. 100 

17 . . . 

. 100 

Average 
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48 

18 

50 . 

32 

32 

70 

34 

31 


100 

100 


42 

38 


44 

44 


70 

70 


100 

100 


60 

(9 da.) 

50 


, , 

42 

60 

50 

40 

100 

60 

43 

60 

45 

47 

85 

40 

40 

65 

45 

38 

90 

52 

35 

— 

— 



73 

55 

48 


16 



27 

60 
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32 

42 

38 

44 

55 
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70 
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55 

45 
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60 
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PROTHROMBIN CONTENT OF CITRATED BLOOD 


Eesults. Protbrombin concentration of stored blood decreased 
moderately (to 73%) witbin 3 days. Three of 9 specimens were 
unchanged at this time. The most marked alteration was a de- 
crease to 50%. At 6 to 7 days a further decrease to an average of 
55% was observed. Several specimens were still unchanged at this 
time; however, half had fallen to less than 50%. Further preserva- 
tion led to continued gradual decline in prothrombin; three-fourths 
showed less than 50% at 13 to 17 days. Seven specimens showed 
little or no hemolysis for longer periods, and it may be significant 
that in these, suitable in appearance for transfusion, the prothrom- 
bin concentration remained at an average of 52, 48 and 53% respec- 


tively at 3, 4 and 5 weeks. 

Whether preserved blood can be utilized to increase protbrombin 
concentration of blood of patients showing prothrombin deficiency 
is a matter of considerable practical importance in hospitals relying 
upon the blood banks. It would appear that although prothrombin 
concentration decreases with the duration of preservation, it still 
is preserved in amount sufiicient to increase by a significant amount 
the concentration in the blood of the recipient. Thus, if a trans- 
fusion of 500 cc. of blood stored 3 days was given to a patient with 
blood volume of 7000 cc. and a prothrombin of 15%, one would 
be adding 250 cc. plasma of concentration of approximately 75% 
of the normal prothrombin. This would raise the prothrombin 
percentage of the recipient to about 19%, whereas a transfusion of 
equal amount of fresh blood with concentration of 100% prothrom- 
bin would raise the recipient’s prothrombin to 20.6%. If larger 
volumes of blood are given by transfusion, the increase in prothrom- 
bin percentage in the recipient is naturally more rapid when fresh 
blood of normal prothrombin concentration is given. Thus, if 
1000 cc. of blood is given to a patient with prothrombin time of 
15%, prothrombin concentration would rise to 26.5% if fresh blood 
of 100% prothrombin is given, whereas it would rise to 22.5% if 
stored blood of 75% prothrombin is used. In the same way, if 
1500 cc. of blood is given with protlwombin concentrations as men- 
tioned above, the recipient’s eventual prothrombin would be ele- 
.-vated to 36.5% with 100% blood and 25.6% with 75% blood. 
These calculations are based on the assumption that beneficial 
effects of transfusion depend entirely upon addition of prothrombin. 
However, it seems highly probable that the transfusion 'per se may 
be a factor m the elevation of prothrombin. This is suggested in the 
protocol of Quick’s patient^® whose prothrombin was 8% before a 
transfusion of 550 cc. of blood and rose to 20% immediately after 
the transfusion. This effect of transfusion .par se on the prothrombin 
concentration of the recipient is a problem which we are investigat- 
ing as the occasion arises. ^ 


hospital, where from 40 to 60 transfusions 
e given per week, 90% of tlie blood preserved in the bank is held 
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2 days or less. In this period the concentration of ‘prothrombin 
decreases so little that preserved blood can be used effectively in 
treating prothrombin deficiency. With the considerable individual 
variation that occurs, however, the efficiency of even relatively 
fresh blood may be significantly lowered in individual cases. Pre- 
served blood may be of value after longer periods of preservation, 
since we have found that bloods that are preserved without hemo- 
lysis maintain their prothrombin concentrations fairly well. Bloods 
retained longest in the bank are tliose of the less common T 5 T)es I 
and III (Moss). In spite of the fact that the prothrombin content 
may be lower in such bloods, it may still be sufficiently high to be 
of value, especially when easily available in the blood bank. This 
is true particularly when volunteer donors must be depended upon 
as is the case in most large municipal hospitals. 

Conclusion. The incentive to this study was provided by the 
appearance of articles suggesting that preserved blood was of doubt- 
ful value in treatment of patients with prothrombin deficiencies. 
Our clinical experience with the use of preserved blood in such cases 
has been uniformly favorable, especially if not more tlian 3 days old. 
The value of the blood bank idea has been so impressed upon us 
that it seemed worth while to defend its use under these circum- 
stances. 
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THE ROLE OF -WATER BALANCE IN THE CLINICAL 
MANIFESTATIONS OP ALLERGY.* 

By Richard A. Kern, M.D., 

PROFESSOB OF CLINICAL MEDICINE, SCHOOL OP MEDICINE, UNIVERSITY 
OF PENNSYLVANIA, PHILADELPHI.A, PA. 

(From the Allergy Section of the Medical Division of the Hospital of the University 

of Pennsylvania.) 

Allergic phenomena in a human subject occur when that subject 
is exposed to a specific allergen to which he happens to be sensitive. 
The same phenomena, or phenomena so similar as to be indis- 
tinguishable, at times occur in the same patient under circumstances 
in which a non-allergic factor appears to be the causative agent. 
For example, a patient experiences an attack of migraine after 
eating a certain food. The patient also regularly suffers the same 
kind of an attack each month at the onset of her menstrual period, 
and without having eaten the known food allergen. Or, a group 

* Read before the Association of Allergy Climes of Greater New York, New 
York, February 7, 1940. 
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of asthmatics, each one sensitive to different allergens, all develop 
exacerbations on the same day, when high winds presage the onset 
of a storm. The possible manner in which these non-allergic factors 
might cause phenomena that are apparently the same as those 
provoked by exposure to an allergen has given rise to a number of 
widely differing theories. Some of these theories have led their 
proponents into error, when they fallaciously applied them to 
explain the mechanism of the allergic phenomenon itself. It is the 
purpose of this paper to point out some examples of such fallacious 
reasoning and to present evidence for an acceptable explanation. 

I shall begin with one of my own mistakes. In 1934, 1 published 
some observations on a curious interrelation between allergy and 
diabetes.'^ Allergy and diabetes rarely occur in the same individual 
at the same time. Yet a study of the history of a large number of 
diabetics revealed that they have a much higher family incidence 
of allergy than do non-diabetics and that diabetics themselves give 
a past history of allergic complaints much oftener than do a control 
group. This led me to suggest that in allergy there may be opera- 
tive an endocrine factor which stands in reciprocal relationship to 
the endocrine factor in diabetes: that is, hypofunction of the 
adrenals. 


It is a common experience that asthma, urticaria and migraine 
may occur in close relationship to the menses. In many instances 
the allergic phenomena cease after the menopause. Occasionally 
some form of opotherapy, usually pituitary or ovarian, tends to 
relieve the allergy at the menses. Consequently a gonad factor has 
been suggested as playing a role in the mechanism of such allergies. 

Pregnancy may often profoundly influence the course of an aller- 
gic disease. Unfortunately from the standpoint of an ovarian 
theory, the effect is not always in the same direction. Some patients 
are free of their asthma or hay fever during the whole of the preg- 
nancy, while others at that time suffer an exacerbation of their 
allergic complaint. 

Leaving the endocrine organs for a moment, let us turn to some 
chemical theories. For some years Beckman^ has been enthusiastic 
about the therapeutic effect of large doses of nitro-hydrochloric acid 
in allergic conditions, especially hay fever. Although results in 
the experience of others have been by no means as good as those 
claimed by Beclonan, the fact remains that an occasional case is 
strikingly benefited. This led Beckman to conclude that all allergy 
is fundamentally an alkalosis. 


Potassium has from time to time been brought into the allergic 
picture. At first there was the view that a disturbed potassium- 
calcium ratio in the body economy was the important thing. More 
recen^ y ave come observations on the effect of potassium in 
relieving a number of a lergic conditions. Following the lead of 
Barker, who reported the disappearance of edema of cardiac or 
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organ edema and consequent symptoms. Then if the patient is 
subjected to an allergenic action of a magnitude of only 95, no 
edema and no symptoms result. But if he is subjected to allergenic 
action in an amount of 105, then edema and symptoms are produced. 

Now let us suppose that in addition to the allergenic impetus to 
edema, there appears on tlie scene a factor that influences water 
retention, and therefore tends to facilitate the production of edema: 
then it will enhance the effect of the allergenic action. A patient, 
subjected to an allergenic action of 95, in itself insufficient to pro- 
duce allergic edema, will develop edema in the shock organ if in 
addition she is subjected to another type of edema producer, such 
as the water retention incident .to the menses, let us say in the 
magnitude of 10. Or, the 10 additional points of edema production 
may be provided by the water retention incident to the fall in 
barometric pressure before the storm. 

Conversely, the patient who is experiencing edema of his shock 
. organ and consequent symptoms due to an allergenic action of the 
magnitude of 105 would experience a regression of shock-organ 
edema and symptoms when an anti-edema factor of a magnitude 
of 10 comes into play. The anti-edema factor might be the dehy- 
dration of diabetes, or of acidosis, or that following the administra- 
tion of potassium chloride. 

I have assigned large values to the allergenic action for producing 
edema and comparatively small ones to the other factors influencing • 
edema. That is because the edema produced by allergenic action, 
although trifling as to the actual amoimt of water involved, is con- 
centrated in one small structure, the shock organ. The effect on 
water balance produced by other factors, on the contrary, is a 
generalized one in which the shock organ participates to no greater 
degree than does any other tissue. Thus, when the factor causes 
generalized edema, even though the body as a whole may be retain- 
ing several liters of water, the amount that is apportioned to the 
shock organ is bound to be much less than tlrat which allergenic 
action can localize there. 

Consequently, if the allergenic cause of shock organ edema were 
intense, for instance of a magnitude of 200, then a non-allergic 
general edema-producing factor of a value of 10 could not greatly 
aggravate the edema in the shock organ. What is more important, 
a non-allergic anti-edema factor of a value of 10 could certainly 
not completely relieve the patient’s symptoms. 

To carry this thought yet farther: the general non-allergic factors 
could probably never produce a sufficient water retention, and in 
a short enough time, to give rise to a sufficiently severe and sud- 
denly produced edema in a given area to result in symptoms resem- 
bling an allergic phenomenon. The only conditions that might be 
looked on as exceptions to this view are the convulsions (cerebral 
edema) of acute water intoxication, and the astlnnatoid symptoms 
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that may result when the bronchial tree is subjected to the acute 
intense inflammatory edema that follows exposure to diazomethane, 

and certain gases used in warfare. _ • u • 

The concept, then, which I wish to propose is that m allergic 
persons, symptoms may be the result of the concerted action of 
two causes of edema, the one (allergenic) acting locally in the shock 
organ, the other a cause of generalized hydration. The important 
one as to magnitude of local effect is the allergenic factor. Less 
important as to magnitude, but at times the only obvious factor, 
may be any one of several causes of water retention. Conversely, 
in allergic persons symptoms may be relieved when some cause of 
generalized dehydration can sufficiently reduce the edema in the 
shock organ. The acceptance of such a view would serve to set 
aside as fallacious a number of theories which some have proposed 
to explain the mechanism of allergy itself, but which most of us 
have been loath to accept. 

Thus, I was right in my observation that diabetes in some way 
acts favorably on the allergic state. It is also true that diabetes 
depends fundamentally on an endocrine mechanism, predominantly 
pancreatic. But I was wrong in assuming that therefore the allergic 
state must also be dependent on an endoerine mechanism, probably 
adrenal. One must at least admit the possibility that water balance 
changes could equally well explain the facts. 

(Parenthetically, mine was, of comse, only one of numerous 
attempts to ineriminate the adrenals. Many have sought to prove 
that adrenal hj'pofunction is at the bottom of all allergy. The 
efficacy of epinephrine in relieving allergic symptoms gave the first 
impetus to such a view. It has prompted the search for methods 
that might disclose an abnormally low blood content of epinephrine. 
Yet if that were found, it could just as well be an effect— exhaustion 
from overdemand— as a cause of allergy. Suggestive experimental 
evidence is furnished by the fact that rats, ordinarily so hard to 
sensitize, may be fairly readily sensitized after their adrenals have 
been removed. Yet in man, as far as I know, no active allergy 
occurs, let alone an increase in sensitivity, in Addison’s disease. 
YTiy? Perhaps because of the marked sodium loss and dehydration 
in that condition? At all events, one must admit that an adrenal 
etiology of allergy is just as far or farther from being proved as it 
ever was.) 


Beckman was right, although overenthusiastic, when he noted 
Biat the production of an acidosis could relieve allergic symptoms. 
But he was not justified in assuming that alkalosis could have been 
the only cause, for he, too overlooked the added possibility that 
dcdiydration could explain liis results. ^Let it be remembered that, 
although an induced acidosis will lessen or temporarily stop epileptic 
eizures, no one suggests that epilepsy is therefore due primarily to 
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alkalosis: It is recognized that the dehydration incident to acidosis 
exercises a purely non-specific effect in combating a cortical edema. 

Bloom fell into the same error when he assumed that the potas- 
sium effect proved that potassium played a role in the basic mechan- 
ism of allergy. But he compounded the felony when he further 
assumed that, because the administration of potassium relieved 
allergic symptoms, a general somatic shift of electrolytes must 
necessarily have preceded the symptoms. There is available some 
evidence, to be cited later, which suggests that sjnnptoms begin 
in the presence of a normal water balance, but that after symptoms 
have started, there is a sliift in the direction of water loss by which 
the body seeks to relieve the allergic edema. 

Now let me cite a case which illustrates two important points. 
In the first place, it shows that tliis concept of the concerted action 
of two causes of edema in the production or symptoms is applicable 
in other fields of medicine. In the second place, it makes it easy 
to demonstrate the fallacy in reasoning of which some of us have 
been guilty. 

Edeiken and Griffith® have recently reported tlieir observations 
in a woman with mitral stenosis of rheumatic origin. Her cardiac 
function for nearly a year has been just on the verge of inadequacy. 
Each month, with the onset of her menstrual period, she rapidly 
developed cough, dyspnea and the signs of severe pulmonary 
edema. On the theory that her attacks of acute cardiac decom- 
pensation were precipitated by the water retention incident to the 
menses. Dr. Edeiken gave the patient mercupurin just before each 
period to promote diuresis. This resulted in practically complete 
prevention of her usual attacks. For several months this was 
repeated with the same good effect. The next development in the 
case is even more interesting. Studies of the patient by Dr. Griffith 
showed that during the menstrual period her blood contained a 
considerable quantity of the antidiuretic factor formed by the 
posterior lobe of the pituitary. Since it is known that irradiation 
of the pituitary can produce a sharp diminution in this function 
of the gland, the patient was subjected to such Roentgen therapy. 
There resulted the expected drop in production of tlie antidiuretic 
substance and the patient has now gone through seven periods 
without decompensation and without the help of mercupurin. Here 
menstrual water retention and heart failure collaborated to produce 
pulmonary edema. 

And now for the matter of fallacious reasoning : Wlien an allergist 
concludes that because a patient’s allergic symptoms occur regu- 
larly with the menses there must necessarily be an endocrine factor 
in the mechanism and production of her allergy, he is just as wrong 
as if Edeiken and Griffith had concluded that an endocrine factor 
was involved in the production of their patient’s mitral stenosis. 
Even though potassium chloride helped relieve the ascites in Barker’s 
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cases of cardiac and nephrotic edema, he never thought of suggest- 
ing that a defect in potassium economy was responsible for the 
cardiac or renal disease. No more should one postulate such a 
defect in potassium economy as essential to the production of allergy, 
merely on the evidence that potassium administration can relieve 

allergic symptoms. - _ , , 

Let me cite another instance in which two factors, in no wise 
related to each other, the one a producer of water retention, the 
other a local scar, combined to produce symptoms referable to a 
very restricted part of the body. I am indebted to Dr. 0. H. Perry 
Pepper for permission to refer to his patient. A girl, now 16 years 
old, had suffered a birth trauma that left her with certain muscular 
defects. At the age of 11 she began to have seizures of a frank 
epileptiform type but without loss of consciousness. These led to 
an operation by Dr. Charles Frazier, who successfully removed a 
brain cyst that was evidently a residuum of her birth’ trauma. 
There followed complete relief from the epileptic attacks. Two 
years later, when she was 13, her menses began. During the next 
3 years with each menstrual period she had attacks of intense 
headache, rigidity of the neck and muscle tenseness which appar- 
ently stopped just short of epileptic convulsions. Dr. Pepper sus- 
pected that two factors were responsible for these attacks: men- 
strual edema, and localized intracranial post-traumatic scar tissue, 
as a result of which a relatively small degree of brain edema could 
exert undue pressure in certain cortical areas. An assay of pitu- 
itary antidiuretic factor in her serum by Dr. Griffith showed an 
increase of this substance during the menstrual period. Her pitui- 
tary was therefore irradiated, the dosage being 50 R. As a result 
she has gone through three periods without an attack. 

The question arises, is there perhaps a defect in water balance in 
allergy itself? There are as yet very few direct observations on 
this subject but they are, in my opinion, highly significant. 

In 1938, Cook and Stoesser^“ reported that artificial fever in 
asthmatics was usually followed by remission of symptoms when 
the sodium chloride content of the diet was extremely low, but not 
when the intake of this salt was unrestricted. In 1 case, 4 gm. of 
sodium chloride were administered when the patient had been free 
of asthma for 10 days, “all other factors remaining constant,” and 
the asthma promptly recurred. 

They also made 20 observations on 6 patients who were kept on a 
loio-sodium chloride diet and to whom they gave pitressin to produce 
water retention. In the preliminary control periods of all 20 obser- 
vations the patients had asthma. During the pitressin hydration 
(which involved an increase of 2 to 5% in body weight) the patients 
had ess asthma than in the preceding control period. The authors 
conclude that the^ sodium ion may exercise an adverse infiuence on 
the asthmatic patient, independent of its usual relation to hydration. 
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In 1939, these same authors^*’ reported further observations along 
the same lines. In addition, they gave potassium • chloride to 
asthmatic patients on a low-sodium chloride diet and observed a 
cessation of asthma in milder cases. Again they conclude: “It 
would appear that the sodium, potassium and water metabolism 
bear an important relationship to the asthmatic state.” 

It would appear to me that these authors may be on the verge 
of committing the same type of fallacy as previously mentioned, 
if they were now definitely to conclude that because sodium, potas- 
sium and water metabolism influence the asthmatic state, then in 
the asthmatic state there must necessarily be an abnormal metab- 
olism of sodium, potassium and water, and that such an abnormal 
electrolyte metabolism is an essential part of the intrinsic mechan- 
ism of asthma. Non scquitur. 

However, their observations call attention to another phase of 
the relation of water balance to the development of allergic phe- 
nomena: the site in which body Avater is localized. 

Sodium salts are found primarily extracellularly and therefore 
influence the amount of interstitial fluid. If sodium be withheld 
from the diet, then CA^en though there be an increase of total body 
fluid (hydration after pitressin), there Avill be no abnormally large 
amount of interstitial fluid. Interstitial Avater is that which is 
primarily involved in the production of edema: edema might 
even be defined as being essentially an excess of interstitial fluid. 
Pitressin hydration therefore aauII not produce edema as easily 
when sodium is withheld as it AAmuld when sodium is freely given. 
The tendency to allergic edema, e. g., asthma, is therefore also 
lessened when sodium is withheld and is increased when sodium 
intake is increased. Within certain limits this is true, irrespective 
of the total amount of water in the body. 

Potassium salts are found primarily intracellularly and therefore 
influence the amount of intracellular fluid. An increased intake of 
potassium would first of all cause an increase of intracellular fluid 
at the expense of interstitial fluid. In case of an excess of inter- 
stitial fluid (edema), potassium administration Avould cause a dimi- 
nution of the interstitial fluid (edema). It could therefore also 
diminish an allergic edema, and, as Cook and Stoesser found, it 
could even relieve symptoms (asthma) “m milder cases," that is, 
in cases in which the allergic factor producing edema is just strong 
enough to produce edema of the shock organ. 

But in allergic edema the major factor in the production of edema 
of the shock organ is still the allergic phenomenon itself. In the 
’presence of the allergic factor, an increase of sodium intake can 
increase the edema of the shock organ, even to the production of 
symptoms when the allergenic cause is just infra-threshold in degree; 
whereas a restriction of sodium intake or an increase of potassium 
intake will tend to lessen the amount of interstitial water and con- 
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sequently the edema of the shock organ, even to the relief of symp- 
toms when the allergenic cause is just supra-threshold in degree. 
But if the allergenic cause is present far above the edema threshold 
in degree, then -variations in neither sodium nor potassium intake 
can sufficiently influence the edema of the shock organ to be clini- 
cally apparent. Also, in the absence of the allergenic factor, no 
inerease, however great, of sodium can produce a localized edema 
with resultant symptoms of the kind which characterize the clinical 
manifestations of allergy. 

In 1939, Sheldon, Howes and Stuart^^ published their studies on 
total water and sodium exchanges in asthmatie patients. Their 
subjects were 5 males, 3 of whom were known to develop asthma 
whenever they ate certain foods, and 2 were sensitive to ragweed 
pollen. Four patients were observed while on a constant intake' of 
food, water, sodium and potassium. Water and salt excretion were 
measured, including a careful check on body weight. The patients 
were symptom-free for an initial control period. Asthma was then 
induced by feeding the allergenic food or by the insufllation of 
ragweed pollen into the upper respiratory tract. 

During the control period all patients were in balance as to water 
and salt metabolism. With the production of asthma there promptly 
developed in each patient an increased output of water and sodium 
chloride. The total loss of body water associated with an asthmatic 
attack varied from 737 to 2013 gm. The water metabolism par- 
alleled that of the sodium. The water balance was negative from the 
start of the asthma, in spite of distinct edema of the shock organ. 

These data I believe to be highly significant. In the first place, 
there is no evidence of any water retention in the body as a whole, 
even in the early stages of the asthmatic attack. Yet if potassium 
deficiency and sodium excess were an intrinsic part of the mechan- 
ism of an allergic response, one would expect some evidence of an 
initial hydration of the body as a whole. If, in spite of no initial 
general hydration, one would still wish to ascribe the edema of the 
shock organ to potassium-sodium effects alone, then one would 
have to postulate one kind of electrolyte metabolism in the shock 
organ and a different one in the rest of the body, an obvious incon- 
sistency. The allergic edema of the shock organ is therefore prob- 
ably determined in the first instance by factors other than electrolyte 
balances alone. 

In the second place, the water and sodium loss of these patients 
continued imabated imtil the attack was over. Then there was a 
retention of both water and sodium. In my opinion these facts, 
far from suggesting, as they have to some, that excess of sodium 
and water and possibly deficiency of potassium in the body are 
part of the mechanism of allergy, would -appear, on the contrary, 
to be good evidence that increased excretion of water and sodium 
is simply a part of the body’s defense mechanism. It is an attempt, 
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by means of a general depletion of body fluid, favorabl.y to influence 
the localized shock organ edema that an allergic reaction has 
produced. 

I wish to refer briefly to some of our clinical experiences which 
lend additional support to our thesis. 

We have used potassium chloride in patients with hay fever, 
perennial allergic rhinitis and asthma. I will cite no figures as to 
results; they will be reported elsewhere. But the trend of those 
figures appears to show the following things: By no means all 
patients, not even a sizeable minority, were helped by potassium 
chloride alone. The addition of potassium chloride to other types 
of therapy distinctly improved results in some cases. The impres- 
sion was that milder cases, patients just over the threshold of 
symptoms and with sensitivities that appeared to be neither exten- 
sive nor intense, were the most likely to show improvement on 
potassium chloride. In patients with severe and multiple sensi- 
tivities there was no effect. Thus, of 2 patients, brother and sister, 
the brother with rather mild hay fever and no asthma experienced 
complete relief of symptoms on potassium chloride alone. The 
sister, with severe pollen asthma as well as hay fever and some per- 
ennial symptoms, including eczema, experienced no relief in any 
phase of her troubles. The non-specific effect of potassium chloride 
dehydration would therefore appear to be adequate to give relief of 
symptoms only in the less intense types of allergic edema of a shock 
organ. 

A second point of interest in the potassium chloride effects was 
seen in some cases of perennial allergic rhinitis. After a week or so 
of considerable improvement, symptoms recurred in spite of con- 
tinuation of treatment, suggesting that the allergic edema of the 
shock organ had reestablished itself at the new lower level of water 
balance. 

In several women with migraine and one with mild asthma, all 
of whom complained of menstrual exacerbations, the simple e.xpe- 
dient of sharp restriction of salt and water intake for several days 
before and during the period gave striking relief from the attacks 
usually experienced at the menses. 

One is tempted to speculate as to possible further applications 
of the theory here propounded. That, however, would be unwise 
at this time. Rather should our efforts be turned in the direction 
of getting more facts. Clinical studies should prove particularly 
fruitful, p^o^’'ided they are properly controlled. Here is a new wide 
field for careful investigation and for still more careful thinking. 

In summary, then, the theory is suggested that changes in tlie 
water balance of the body may influence the occurrence of allergic 
phenomena. Water and salt retention will favor the development of 
allergic reactions. Dehydration and salt loss will antagonize allergic 
reactions. Increased intake of sodium, by tending to increase 
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interstitial fluid and edema, will also favor the development of 
allergic reactions. Increased intake of potassium, or decreased 
intake of sodium, by tending to increase intracelliflar fluid and to 
decrease interstitial fluid and edema, will antagonize allergic reac- 
tions. Such shifts in water balance occur clinically in a variety of 
conditions, or they may be induced by a number of therapeutic 
measures. The effect of hydration and dehydration on allergic 
reactions is purely non-specific. Consequently the causes initiating 
changes in water balance must not have attributed to them any 
specific etiologic significance in the causation of the allergy itself. 
The production of the allergic phenomenon of edema in the shock 
organ is a thing apart: its mechanism, in the last analysis, is still a 
mystery. 
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Familial periodic paralysis has been the subject of many reports, 
which were reviewed by Schoenthal in 1934.^5 n appeared 

that the paralytic manifestations of this disease were related to the 
potassium metabolism. Holtzapple® was of the opinion that potas- 
sium bromide was effective in treating the paralytic state. He 
attributed this to its sedative action. A number of observers have 
recorded the level of potassium in the blood serum in this dis- 
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Gammon, Austin, Blithe, and Reid® state that during 
severe spontaneous paralyses, the serum potassium level has been 
found to fall as much as 30%, while in mild attacks the fall maj'' be 
only 5 to 10%, with values of 4.79 milliequivalents per liter (18.6 mg. 
per 100 cc.). The intravenous administration of potassium salts 
to experimental animals was found by Mathison*- to induce ven- 
tricular fibrillation. Nahum and Hoff‘S showed that the mechanism 
of this process was the production of widespread block in all parts 
of the heart and stimulation of the automaticity of the pacemaker. 
Winkler, Hoff and Smitlfi®® in a recent paper dealing with the effect 
of potassium salts and of a mixture of potassium and calcium salts 
in animals concluded that the “toxic effects of potassium on the 
heart are due to some highly specific effect on that organ which is 
not shared by skeletal muscles generally.^" Further, with respect 
to potassium, Thomson^’ has described the electrocardiographic 
changes in patients suffering from Addison’s disease and found that 
rise in the level of serum potassium is accompanied by increase in 
the amplitude of the T wave, followed in some cases by decrease in 
amplitude when the level fell as a consequence of treatment. There 
have been no reports of the electrocardiographic changes in a state 
of low potassium concentration in either experimental animals or 
human beings. In a survey of the literature we have found one 
report only in which electrocardiographic changes' were recorded 
in familial periodic paralysis (Janota and Weber'®). In this case, 
however, correlation with the level of serum potassium was not 
made. We have had the opportunity of following the serial changes 
in the electrocardiograms of a patient suffering from familial periodic 
paralysis during an attack, when the serum potassium was low. 
These observations will now be recorded. 

Clinical History. The patient, a 19-year-old male, white laborer, was 
admitted to this hospital on June 18, 1939. His complaint was paralysis 
of all muscles below the neck of 3 days’ duration. His father had experi- 
enced similar attacks of paralysis which were diagnosed in 1918 as familial 
periodic paralysis. The patient had suffered no serious childhood or adult 
illnesses. He denied venereal infection. His general health had been good. 

The patient suffered a first attack of paralysis in the muscles of the tnmk 
and extremities in late December, 1935, when he awakened one night and 
was unable to turn over in bed. His father tested him with a pin point 
and found that sensation was intact. The patient had two similar attacks 
in the next several weeks both terminating spontaneously. During Febru- 
ary, 1936, he was studied at tliis hospital. Paralysis, however, did not 
occur at that time.'® ' 

From February, 1936, to June, 1939, the patient experienced approxi- 
mately 20 paral^ic attacks. These did not occur in a cycle; they varied 
in severity and in duration from several hours to 3 days. The day before 
the attack which we are now reporting, he ate a large amount of carbohy- 
drate and engaged in an unusual amount of activity. Wlien he awakened 
.the next morning, he was unable to move his head, arms, or legs, and 
experienced anorexia, nausea and some retching. For the 24 hours before 
his admission he had been unable to defecate and had some slight difficulty 
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in micturition. He was brought to the hosijital because paralysis had then 
continued for 3 days, his speech had developed a peculiar quality and swah 
lowing was difficult. The patient reported that his breathing felt unpaired 
and for about 24 hours before admission he was conscious of pounding of the 
heart. 

Examination. The temperature was 37.8° (rectal), pulse 90, respirations 
20, and the blood pressure 125/68. The patient was a muscular and well- 
nourished individual. He was flaccid below the neck. Respiratory move- 
ments were slightly labored and were made with the aid of the accessory 
• muscles. The diaphragm appeared not to be involved. The only voluntary 
movement which the patient could make below the level of the neck was a 
slight motion of the thumbs and index fingers. _ Speech was slurred and 
of a monotonous character and swallowing was difficult. The head includ- 
ing the eyes, ears, nose and throat, and the neck were essentially nonnal. 
The lungs were clear throughout to percussion and auscultation. The point 
of maximum impulse and the left border of dullness of the heart were 7 cm. 
from the midstemal line in the fifth left intercostal space. There was no 
precordial shock or thrill. The heart sounds were loud; normal sinus 
rhythm prevailed. A coarse systolic murmur was heard over the whole 
precordium and the second sound in the mitral area was reduplicated. 
There were no signs of congestive heart failure. The abdomen exhibited 
no abnormalities. There was complete absence of all reflexes except those 
of the pupils and jaw. Sensibility for all the modalities was normal. Dur- 
ing the course of our observations, the patient received 2 doses of potassium 
chloride of 4.2 gm. each. These were administered by mouth 1 hour and 
50 minutes apart. He showed a gradual return of muscle function and dur- 
ing this time observations relating to the heart were made. Nine hours 
after his admission, the patient was able to move all parts, regaining volun- 
tary muscle function most dramatically over the last 10 minutes of the 
period of paralysis. He was then able to feed himself and be out of bed. 
Reduplicatiori of the second sound in the mitral area and the apical systolic 
murmur persisted. Normal sinus rhythm was still present. The patient 
was discharged on June 19, 1939, approximately 12 hours after admission 
because he wished to return to work. 

Observations. An electrocardiogram which had been taken during 
the patient’s earlier hospital admission served as a control. A series 
of three records was made during the attack of paralysis which we 
observed (Table 1): the first immediately on admission; the second 
and third, 85 and 1 10 minutes respectively, after giving potassium 
chloride, and the fourth the morning after recovery from paralysis; 
another, 4 months later was an additional control. Samples of blood 
were drawn immediately after each electrocardiogram had been taken 
for estimations of the level of certain ions and of serum choline 
esterase activity. Serum potassium was determined by the method of 
Wenger, Cimerman and Rzymowska.^s Calcium and phosphorus 
were estimated by the methods of Clark and Collip^ and of Fiske 
and Subbarow,® respectively. McGeorge’s modification^! of the 
procedure of Stedman, Stedman and ’iVhite was used for the 
determination of the activity of serum choline esterase. 

When the observations were begun, the serum calcium was 
10.7 mg. per 100 cc., phosphorus 3.0 mg. per 100 cc. and esterase 
activity 2.31 cc. of N/lOO sodium hydroxide, that is to say within 
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the normal range (Table 1). The serum potassium, however, was 
11 mg. per 100 cc., only 50% of normal level. The administration 
of the 2 doses of potassium chloride of 4.2 gm. each, effected no 
significant immediate change in the serum potassium (Table 1). 
"VSTien recover^'' was complete, however, it was 25.3 mg. per 100 cc., 
in the normal range. The calcium, phosphorus and serum esterase 
remained normal. 


Table 1.— The Relationship of ELEcrnocAnDioGiiAPHic Changes to Chemical ' 
Alterations of the Blood Serum in Periodic Familial Paralysis. 


EKG ; 

1 

Date. 

Time. 

Cardiac 
rate, 
per min. 

P-R, ' 
see. 

QRSi 

sec. 

Q-Tj 

see. 

Serum 

potassium, 

mg. 

per 100 cc. 

Serum 

phos- 

phorus. 

mg. 

per 100 cc. 

Scrum 

calcium, 

mg. 

per 100 cc. 

Scrum 
esterase, 
cc. N/lOO 
NaOH 

A 

1936 

2/U 

11.35 A.u. 

80 

0.14 

0.10 

0.32 






2/21 




•• 

•• 


5.20 

11.4 


B 

1939 

6/18 

9.00 p.u. 

i 

100 

0.24+ 

0.20 

0.36+ 

11.0 

3.00 

10.7 

2.31 


6/18 

9.50 P.si. 

— 

Potassiu 

;ra chlo 

ride 4.2 g 





C 

6/18 

1 11.15 P.M. 

S3 

0.24+ 

0.12 

0.44+ 

11.0 

2.92 

.. 

2.20 


6/18 

j 11.40 p.u. 

■E 

Potassiu 

m chlo 

ride 4.2 g 

m. by mout 

h- 



D 

6/19 

1.20 A.u. 

94 

I 0.22+ 

1 0.11 

0.40+ 

, 12.1 

3.04 

I 

2.32 

E 

6/19 

9.00 A.M. 

97 

0.10 

0.09 

0.32 

25.3 

4.00 

11.1 

2.22 

F 


10.15 A.U. 

86 

0.14 

i 



18.0 

4.80 

11.7 

2.52 


During the patient’s first admission in 1936, the electrocardio- 
gram was essentially normal in its configuration (Fig. l.<4). The 
rhythm was regular, the rate 86 per minute, the P-R 2 conduction 
time measured 0.14 second, the Q-T interval 0.32 second; the QRS 2 
time was at the upper limit of normal (0.10 second) (Table.!). The 
first electrocardiogram (Fig. IB), taken during the paralysis, .showed 
a bizarre form. Normal sinus rhytlun persisted, the rate now 100 
per minute. It was not possible to measure the P-R 2 time, because 
the auricular complex could not be isolated from the positive wave 
following the R wave; later records established this as the T wave. 
It was likely that the P wave in this record was buried in this deflec- 
tion for throughout the series the origin of the impulse is in the sinus 
node. Nor could the QRS time be measured accurately because of 
the deep, split S waves which occurred in all leads. Likewise there 
was deformity of the R-T segments. However, from the isoelectric 
level before the R wave to the isoelectric level following it, the dura- 
tion was, at least, 0.24 second. It was not possible to measure the 
Q-T interval accurately, but it was more than 0.36 second. This 







































































Fig. 1. — Fig. 1A, which, serves as a control, was taken on February 14, 193Q; 
Fig. IB, on June 18, 1939, during an attack of paralysis; Fig. 1C, 85 minutes after 
the administration of the first dose of 4.2 gm. of potassium chloride; Fig. ID was 
recorded 110 minutes after the second dose of 4.2 gm. of potassium chloride; Fig. lE 
was taken after the attack had terminated on the morning of June 19, 1939; Fig. IF, 
taken on October 24, 1939, approximately 4 months after discharge, serves as an 
additional control. The 3 standard leads were recorded. Divisions of the ordinates 
equal 10~'' volts; divisions of the absciss® equal 0.04 second. 
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record did not have the configuration characteristic of bundle branch 
block; there was obviously, however, delay in the spread of the 
excitation wave. The serum potassium at this time was 11 mg. 
per 100 cc. 

Potassium chloride was given in 2 doses of 4.2 gm. each and as 
the patient improved in the ability to move his muscles the electro- 
cardiogram underwent certain significant changes although the 
potassium concentration in the serum was not altered (Table 1). 
In the record (Fig. IC) taken 100 minutes after the administration 
of the first dose of potassium, the heart rate was slightly lower. 
P waves were identified on the downward limb of the T waves. It 
was possible to approximate the P-Ri time, which was prolonged 
and occupied, at least, 0.24 second. The T waves were of approxi- 
mately the same height and configuration as in the previous record 
(Fig. IB). The duration of electrical systole was now 0.44-1- second. 
The level of the serum potassium remained 11 mg. per 100 cc. 

The patient was given a second dose of potassium chloride 4.2 gm. 
The next electrocardiogram (Fig. 1 B) showed progression of the 
changes that were already apparent in the preceding electrocardio- 
gram (Fig. IC); the serum potassium was, however, only 12.1 mg. 
per 100 cc. The P wave was now more easily detected and the 
P-R interval was 0.22-f second, the QRS time 0,11 second, the 
Q-T interval 0,40-f second. The next morning, a few hours after 
the dramatic clinical improvement with recovery from paralysis, the 
electrocardiogram (Fig. lE) was in all major respects similar to the 
one recorded 3 years earlier (Fig. lA). The P-R conduction time 
was within normal limits, the QRS time remained at the upper 
limits of normal; the Q~T time was now 0.32 second. The serum 
potassium at this time had risen to 25.3 mg. per 100 cc., a high 
normal level, while the calcium and phosphorus levels and the 
serum esterase activity were not altered. Studies were repeated on 
October 24, 1939, approximately 4 months later. During this time, 
the patient had suffered no major attacks of paralysis. The electro- 
cardiogram (Fig. IF) remained of normal coirfiguration. The serum 
potassium at this time was 18 mg. per 100 cc, (Table 1), The serum 
calcium was 11,7 mg. per 100 cc.; the serum phosphorus was 4.8 mg. 
per 100 cc., just beyond the upper limits of normal. 

Discussion, During the attack of paralysis there were certain 
marked changes in the form of the electrocardiograms. These were 
for the most part related to the QBS-f portions of them. There 
were no significant changes in the amplitude of the R or S waves. 
The T waves were of normal height and configuration in the control 
electrocardiograms. During the attack, when the serum potassium 
was lowj the T waves were broad and low and the R-T segments 
changed in form in addition to those changes which were introduced 
by the superimposed P waves. The change in the T waves afforded 
further evidence of a reciprocal relationship between the T wave 
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and the serum potassium concentration. Winkler, Hoff and Srnitld®® 
have shown that the first effect of the injection of potassium chloride 
solution in animals was increase in amplitude of T ivaves and short- 
ening their duration until they equalled the QRS complex in ampli- 
tude and duration. Likewise, the work of Thomson” established 
a direct relationship between the height of the T waves and serum 
potassium levels in Addison’s disease. 

The most striking changes appear to be effects on the conduction 
of the excitation wave. This is shown by lengthening of the P-R 
time, prolongation of the QRS time. Increase in Q-T interval 
was conspicuous. Barker, Johnston and Wilson^ have pointed out 
the abnormal prolongation of the Q-T interval in cases of hj^jo- 
calcemia. In this state, however, the changes appear to take place 
with prolongation of the isoelectric level between the R and T waves, 
while in familial periodic para]3'sis there are alterations in the QRS 
conduction time and in the form of the T waves and R-T segments. 
We attribute these changes to a modification of one of the funda- 
mental properties of heart muscle, namelj’^ conduction, associated 
with the low potassium concentration in the blood serum. The 
general configuration of the changes in the electrocardiograms of 
our patient during paralysis was similar to those recorded by Janota 
and Weber. In our case, however, they were more marked. Our 
finding that paralysis of the muscles disappeared after the oral 
administration of potassium chloride while tlie serum potassium 
concentration still remained low is similar to the experience of 
Gammon, Austin, Blithe and Reid.® In our patient, the serum 
potassium was low during the attack and unaltered bj’" the adminis- 
tration of the salt, but was, on the other hand, at a normal level 
after recoverj'^ from paralj'-sis. Electrocardiographic changes, how- 
ever, occurred during the administration of the potassium chloride 
and as recovery progressed. The levels of calcium and the activity 
of serum choline esterase throughout showed no deviation from the 
normal. It may be significant that' the value for serum phosphorus 
of 5,2 mg. per 100 cc. previouslj'' reported in this patient by Mil- 
horat^® in a paralysis-free interval was in the normal range. During 
paralj'^sis, however, it was in the low normal range, 3.0 mg. per 
100 cc., and attained a normal level of 4.8 mg. per 100 cc. after 
recoverjL We have no explanation for this change. It may be re- 
called that values of the same order have been reported by Aitken, 
Allott, Castleden and Walker.® 

Summary and Conclusions. The electrocardiographic changes 
during an attack of familial periodic paralysis have been studied 
together with the concentrations of serum potassium, calcium, phos- 
phorus and serum esterase activity. These correlations have not 
before been reported. The most striking changes and those respon- 
sible for the bizarre form of the electrocardiogram were prolongation 
of the P-R, QRS, Q-T intervals, alteration in the form of the 
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B-T segments, and decrease in amplitude of the T waves.^ Certain 
of these changes were evidence of a defect in the propagation of the 
excitation wave. During paralysis the serum potassium was only 
half the value recorded after recovery from the attack, as well as 
4 months later. We are of the opinion that the electrocardiographic 
changes are associated with the reduction in serum potassium. 
Certain data which have been published support this view.i^.i^.i^.iS"-'' 

We wish to thank Miss Helen Civin of the Department of Pharmacology of the 
Cornell University Medical College for making the estimations of serum potassium. 
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THE PROGNOSTIC SIGNIFICANCE OP RIGHT AXIS DEVIATION 
IN ARTERIOSCLEROTIC AND HYPERTENSIVE HEART 

DISEASE, 

By Max J. Klainer, M.D., 

RESBAHCH fellow, harvard medical school; assistant in medicine, BETH ISRAEL 

HOSPITAL, BOSTON, MASS, 

(Prom the Medical Research Laboratories of the Beth Israel Hospital and the 
Department of Medicine, Harvard Medical School.) 

Though axis deviation is not diagnostic of left or right ventricular 
hypertrophy in every instance, well-marked enlargement of either 
the left or right ventricle is commonly associated with left or right 
axis deviation respectively. It is therefore of interest to report a 
series pf cases of hypertensive and arteriosclerotic heart disease, the 
majority of whom had left ventricular hj’pertrophy and in whom 
electrocardiograms revealed right axis deviation. The prognostic 
significance of this finding is discussed. 

Material. In the electrocardiographic records of this hospital 
from 1929 through 1938, right axis deviation was found in 36 cases of 
hjTiertensive or arteriosclerotic heart disease. Right axis deviation 
was regarded as present when S 1 was greater than R 1, which was 
mten small or absent, and when R 3 was equal to or greater than 
R 2. In the majority of cases the angle was above 4-80'^ or the 
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index more than —10. In a few cases the axis was witliin the high 
limits of normal, but a definite tendency to right axis deviation was 
present. Cases of rheumatic heart disease, congenital heart disease 
and right ventricular hj^pertrophy due to chronic pulmonary dis- 
ease were excluded. There were 27 male and 9 female patients in 
this group ranging from 32 to 75 years of age. Twenty-one had 
blood pressure levels above 160 mm. systolic, and 100 diastolic. 
Recent attacks of coronary thrombosis had occurred in 12 of these 
21 according to their histories, to objective evidence, or both; 
attacks of coronarj^ thrombosis had also occurred in 14 of the remain- 
ing 15 non-hypertensive cases. One patient had luetic aortitis 
with an aortic aneurysm (Case 29, Table 1). Of these patients, 24 
have died and postmortem examination was performed in 13; 5 
patients are still alive and 7 have not been traced (Table 1). 


Table 1, 


No. 

Age. 

Sex. 

Hyper- 

tension. 

Clinical 

cor. 

thromb. 

Con- 

gestive 

failure. 

Car 

cniarg 

Clinical. 

diac 

ement. 

A’-ray. 

Time of ap- 
pearance of 
rt. ax. dev. 
after cor. 
thromb. 

Duration of life 
after appearance 
of rt, ax. dev. 

I 

32 M 

0 

+ 




2 weeks 

Alive, 4 months 

2 

36 M 

0 

+ 

0 

0 

0 

1 month 

Alive, 21 months 

3 

46 F* 

4" 

+ 

+ 

+ 

+ 

9 weeks 

Alive, 13 months 

4 

52 M* 

0(?) 

-f- 

+ 


0 

8 monf lis 

Alive, 32 months 

6 

55 Mt 

0 

+ 

+ 

0 


3 days 

Alive, 11 months 

6 

45 F 

+ 

+ 


+ 


3 days 

Died, 1 day 

7 

45 M 

0 

+ 


0 


3 d.ays 

Died, 2 weeks 

8 

45 M 

+ 

0 

+ 

+ 


» . * . 

Died, 17 days 

9 

48 M 

0 

+ 


+ 


1 week 

Died, 12 days 

10 

52 M 

0 

+ 

+ 

0 


24 days 

Died, 18 months 

11 

52 F 

+ 

0 

+ 

+ 




Died, 10 months 

12 

55 F 

4" 

0 

+ 

+ 



Died, 18 days 

13 

58 M 

0 

+ 

+ 

+ 

+ 

12 months 

Died, 1 month 

14 

59 M 

+ 

0 

4* 

+ 

+ 


Died, 3 days 

15 

59^ 

4" 

0 

+ 

+ 



Died, 5 months 

16 

61 M 

+ 

+ 

+ 

+ 


2 months 

Died, 2 months 

17 

62 M 

0 


4- 

+ 


1 day 

Died, 9 days 

18 

63 M 

+ 

+ 

+ 

+ 

+ 

6 months 

Died, 5 weeks 

19 

63 M 

+ 

4“ 

+ 

+ 


1 day 

Died, 6 days 

20 

63 M 

0 

+ 

+ 

4* 

0 

2 weeks 

Died, 8 days 

21 

64 M 

+ 

+ 


+ 


4 days 

Died, 2 days 

22 

65 M 

0 

+ 


0 

0 

2 weeks 

Died, 15 months 

23 

65 M 

0 

-t- 

.+ 

4" 

4" 

2 months 

Died, 27 months 

24 

67 F 

+ 

0 

+ 

+ 



Died, 4 months 

25 

61 M 

+ 

4* 

+ 

0 


? 

Died, 6 months 

26 

71 M 

+ 

0 

+ 

+ 




Died, 1 week 

27 

74 M 

+ 

4“ 

4" 

4“ 

+ 

3 months 

Died, 2 days 

28 

75 M 

+ 

4” 

+ 

0 


4 months 

Died, 2 weeks 

29 

45 M 

0 

0 

0 

+ 

+ 

> ■ * • 

Untraced 

30 

54 F 

+ 

0 

+ 

4~ 

4* 


Untraced 

31 

55 M 

+ 

+ 

4" 

+ 

+ 

11 months 

Untraced 

32 

57 F 

4" 

4" 

+ 

+ 


? 

Untraced 

33 

61 M 

0 

+ 

+ 

4" 


3 days 

Untraced 

34 

61 F 

+ 

0 


+ 

0 


Untraced 

35 

63 M 

0 

4“ 


+ 


5 weeks 

Untraced 

36 

46 M 

+ 

+ 

+ 

+ 


5 daj'S 

Died, 8 days 


* Markedly diminished cardiac reserce. f Bedridden. 
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Nine patients had electrocardiograms taken prior to the develop- 
ment of right axis deviation; in 7 the axis was normal and in 2 left 
axis deviation was present. In 7 cases of the total group of 36 the 
occurrence of the right axis deviation was temporary, changing with- 
in a few days to a few months to normal axis or to left axis deviation. 
Enlargement of the heart to the left was found by clinical examina- 
tion, by Roentgen ray study, or by both, in 27 of the 36 cases. Left 
ventricular hypertrophy was present in all 13 autopsied cases. Right 
ventricular hypertrophy was also found in 4 cases, but in each of 
these the left ventricle was hypertrophied to an even greater degree. 
All the patients studied at postmortem showed definite left ventric- 
ular preponderance. The heart weighed more than 500 gm. in 8 
and less than 400 gm. in only one case (Table 2). Severe coronary 
disease was present in 12 of the autopsied cases, with occlusions of 
one or more of the major coronary arteries in 11. Myocardial 
infarcts were found in 10, 8 of them of recent origin. In 3 cases the 
infarct was wholly anterior, in 3 it was anterior and septal, in 1 
other the infarcts were both anterior and posterior, while in the 
remaining 3 cases they were posterior. In 2 of the 3 cases without 
myocardial infarction diffuse fibrosis was present. In the autopsied 
cases in which myocardial infarcts were found, the areas of myo- 
cardial necrosis were extensive. 

Report of Autopsied Cases (Table 2). Case 1.— M. K., a 45-year-old 
female diabetic with, hypertension, had a normal electrocardiogram 2 years 
prior to admission. Two days before entry she experienced a sudden seizure 
of severe precordial pain with collapse. Electrocardiograms the first 2 
days disclosed normal axis, inversion of T 1, and depression of ST 2 and 
ST 3. On the third day right axis deviation appeared. The QRS complexes 
were slurred and were 0.10 second in duration. The patient died on the 
fourth hospital day. 

Case 2. — S. L., a 45-year-old male with a questionable history of hyper- 
tension had an attack of severe precordial pain one year before admission 
persisting for 2 days. The day before admission a more severe attack oc- 
curred. _ An electrocardiogram on the second day disclosed normal rhythm, 
right axis deviation, elevated ST segment with coronary type inversion of 
T 1, absent Q 4 and deeply depressed ST 4 (old method). The QRS com- 
plexes were notched and were 0.12 second in duration. During the next 
few days the axis gradually changed until, on the 15th day, left axis devia-. 
tion was present. The patient died on the 16th hospital day. 

Case 3.— I. B., a_45-year-old male with hypertensive heart disease, was 
admitted in congestive heart failure with a history of increasingly severe 
angina pectoris and paroxysmal dyspnea. An electrocardiogram on the 
4th hospital day revealed normal rhythm, a tendency to right axis delation 
and inverted T 2 and_ T 3. The QRS waves were normal. The patient died 
21 days after admission. 

Case 4. J. S., a 48-year-old male with a history of angina pectoris was 
admitted 5 days after a particularly severe episode of pain. An electro- 
cardiogram the day after admission showed normal rh 3 d,hm, right axis 
deviation, deep Q 2 and Q 3, inverted T 3 and absent Q 4 (old method), 
_ihe QRS complexes were slurred and notched but were only 0,10 second 
m duration. He gradually failed and died 2 weeks after admission. 
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Table 2. — Data in Autofsied Cases. 


! 

1 i 

Age. Sex. | 

Hypertension. 1 

CHn. cor. thromb. 

! 

Congest, failure. | 

Degree coronary | 
disease. 1 

Heart weight. i 

Coronary vessels 
occluded or 
narrowed. 

Cardiac 

infarcts. 

Hydrothorax 
(in cc.). 

L.A.D. 

L.C. 

d 

rs 

O 

Recent. 

Right. 

Left. 

1 

45 

M 

+ 


0 

3 

410 

+ 

0 

0 

0 

+ 

0 

0 

2 

45 

M 

0 

4* 

0 

3 

360 

+ 

0 

4* 

0 

+ 

1400 

1000 

3 

45 

M 

+ 

0 

+ 

3 

650 

+ 

+ 

0 

4* 

0 

750 

700 

4 

48 

M 

0 

+ 

0 

3 

440 

+ 

+ 

4" 

0 

4* 

150 

0 

5 

58 

M 

0 

-J- 

+ 

3 

530 

0 

0 

+ 

+ 

0 

50 

1000 

6 

69 

M 


0 

+ 

3 

1000 

N 

N 

N 

* 

* 

0 

0 

7 

63 

M 

+ 

+ 

4“ 

2 

640 

0 

0 

0 

0 

0 

250 

0 

8 

63 

M 


+ 

0 

3 

410 

N 

+ 

+ 

0 

+ 

+ + 

4- + 

9 

64 

M 

+ 

4* 

+ 

3 

580 

+ 

0 

0 

0 

+ 

500 

500 

10 

71 

M 

+ 

0 

-b 

3 

740 

0 

0 

+ 


* 

0 

0 

11 

74 

M 

-b 1 

+ 

4* 

3 

600 

+ 

+ 

0 

0 

4* 

250 

250 

12 

75 

M 

+ 

4_ 1 

+ 

3 

490 

+ 

0 

4“ 

0 

+ 

260 

250 

13 

46 

M 

i 

+ 

1 

4* j 

+ 

3 

520 

! 

4~ 

0 

0 

0 

+ 

0 

0 


3 = Marked coronary disease — marked narrowing or occlusion of major vessels. 

2 = Moderate coronary disease — diffuse atherosclerosis without narrowing of 
major vessels. 

* = Diffuse fibrosis. 

L.A.D. = Left anterior descending branch. 

L.C. = Left coronary, 

R.C. = Right coronary. 

Case 5.— J. E., a 5S-year-old male with no liistorj’- of hypertension or 
cardio-respiratory s 3 Tnptoms, was admitted with severe substernal pain 
of 1 day’s duration. An electrocardiogram on admission disclosed normal 
rhythm, left axis deviation, elevated ST 2 and ST 3 and inverted T 2 and 
T 3. The patient improved and was discharged on the 20th hospital daj'. 
One year later he was readmitted in congestive failure, and the electrocar- 
diogram now showed normal rhidhin, right axis deviation, inverted T 2 and 
T 3 and normal QRS comple.xes. He became progi-essivelj’’ worse and died 
one month after admission. 

Case 6.— D. G., a 59-year-old male with hypertensive heart disease and 
a history of congestive heart failure and angina pectoris of several j'ears’ 
duration, was admitted in severe congestive failure. Electrocardiogram 
on the 4th day showed aimcular fibrillation, normal axis, inverted T 1 and 
flat jT 2, a deep S 2 and upright T 4 (old method). The patient was dis- 
charged improved after 3 weeks. Three months later he was readmitted 
in congestive failure Avith similar electrocardiographic findings and was 
discharged, improved after 2 weeks. One j'^ear after the second amission 
he was readmitted in congestive failure, and died on the 5th hospital da 3 ^ 
Electrocardiopams taken on the 2d, 4th, and 5th hospital days showed 
auricular fibrillation and a progressively increasing tendenc 3 ’' to right axis 
deviation. The QRS complexes were normal in duration and shape. 

Case 7.— C. B., a 63-year-old male with h 3 ''pertensive heart disease and 
a histor 3 '' of angina pectoris, parox 3 'smal dyspnea and congestive failure, 
was admitted in severe failure. One year, and again 8 months before admis- 
sion he experienced crushing precordial pain, marked dyspnea and weakness 
requiring bed rest. Electrocardiograms on the 4th, 12th and 19th hospital 
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days revealed normal rhythm, right axis deviation, delayed A-V conduc- 
tion, diphasic T waves and notched QRS waves of 0.08 duration. On the 
34th day the axis was normal. The patient died a week later. 

Case 8.— L. 0., a 63-year-old male with a history of hypertension and 
angina pectoris, was admitted wdth recurrent attacks of more severe pre- 
cordial pain. The chest pain became worse in the hospital and was accom- 
panied by fall in blood pressure, glycosuria, dyspnea and nitrogen retention. 
An electrocardiogram on admission revealed normal rhythm, right axis 
deviation, normal Lead 4, a deep S 2 and slurring of the QBS complexes 
with a duration of 0.12 second. The right axis deviation persisted until 
the death of the patient on the 6th hospital day. 

Case 9.— J. M., a 64-year-old male with a history of hypertension and 
angina pectoris of 15 years' duration, W'as admitted in shock and conges- 
tive failure 4 days after the onset of a severe attack of substernal pain. 
Electrocardiograms on the first and second hospital days revealed ventricu- 
lar premature beats producing trigeminy, right axis deviation, delayed 
A-V conduction, depressed ST 1 and ST 4, elevated ST 3 and inverted 
T 1 and T 3. The QRS waves were slurred and notched and 0.10 second 
in duration. He died on the second hospital day. 

Case 10.— A. Z., a 71-year-old male with hypertensive heart disease and 
a history of attacks of paroxysmal dyspnea and auricular fibrillation of 
2 years’ duration, was admitted in congestive failure. An electrocardiogram 
the day after admission revealed auricular fibrillation, right axis deviation, 
inverted T 2 and T 3, normal QRS complexes, and a normal Lead 4, The 
patient died on the 8th hospital day. 

Case 11.— N. L., a 74-year-old male with hypertensive heart disease, a 
history of angina pectoris for many years, paroxysmal dyspnea and re- 
peated bouts of congestive failure for 4 years, was admitted in severe con- 
gestive failure. On admission the electrocardiogram showed normal rhjdhm, 
right axis deviation, delayed A-V conduction, flat T waves and an absent 
Q 4 (old method). The QRS complexes were normal in shape but were 
prolonged to 0.12 second in duration. The patient died on the 3d hospital 
day. 

Case 12.— S. G., a 75-year-old male with hypertensive heart disease 
and a history of coronary thrombosis 4 months prior to admission, was 
admitted in congestive failure. Electrocardiograms on the 2d and 3d days 
after admission showed normal rhythm, normal axis, depressed ST 1 and 
ST 2, inverted T 3 and deep Q 3 wave and normal Lead 4. On the 6th 
hospital day right axis deviation appeared. The QRS complexes were 
normal. The patient died on the 19th hospital day. 

Case 13.— A. H., a 46-year-old male with a past history of tuberculosis, 
subacute glomerulonephritis and hypertension was admitted with severe 
left anterior chest pain of 2 days’ duration. An electrocardiogram on the 
2d hospital day revealed sinoauricular tachycardia, right axis deviation, 
elevated ST 1, 2, and 4, depressed ST 3 and inverted T 1. The right axis 
deviation persisted until death. The patient died on the 10th hospital day. 

Discussion. Einthoven® and Lewis^“ believed that well-marked 
deviation usually indicated hypertrophy of the corresponding ven- 
tricle. ^^Tiite and Bock^^ ^nd ^^d^ite and BurwelT* concluded that 
diseases predisposing to right or left sided hjT^ertrophy caused right 
or left axis deviation respectively. There were, however, small 
groups of cases in w'hich there was no correspondence between the 
axis deviation and ventricular preponderance; to explain these 
Pardee^ suggested a relationship between axis deviation and the 
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position of the heart in the chest. Herrmann and Wilson® believed 
that disturbances of atrioventricular conduction might cause changes 
in axis deviation. The electrical axis of the heart, according to the 
above authors, is therefore dependent on the position of the heart 
in the chest, the type of atrioventricular conduction and the relative 
weights of the two ventricles. 

The data presented here further emphasize tlie discrepancies 
between electrical axis and ventricular preponderance especially 
since the right axis deviation is considered to be associated rather 
constantly with right ventricular preponderance.^® Twenty-one of 
these patients had hypertension which commonly presents left 
ventricular preponderance and left axis deviation. Furthermore, 
in 13 cases the axis changed one or more times under observation. 
Bundle branch block, which is known to cause variations in axis 
deviation, was not present in any of these cases, although in 9 in- 
stances the QRS complex was slurred and notched and prolonged 
to 0.12 second, suggesting an intraventricular conduction defect 
(Table 3). Hydrothorax was present in 14 patients, but in only 
5 cases was it limited solely to the left pleural cavity. Lewis states, 
furthermore, that ‘‘displacement by pleural effusion does not appear 
materially to influence the electrocardiogram."*” 


Table 3.— ELEcrnocAiiDioanAPHic Changes Associated With 
Right Axis Deviation. 

Type. Cases, %. 

Delayed A- V conduction 6 17.1 

Intraventricular block 9 25.7 

Auricular fibrillation 6 17.1 


Inverted T 1 . . . 

Inverted T 2 and T 3 . 
Inverted T 3 . . . 

Abnormal ST segments 


12 

33.3 

10 

2S.6 

3 

S.6 

12 

33.3 


Deep Q 3 6 17.1 

Absent 4 or 2? 4 11 31.4 

Deep 5 2 5 14.3 


The presence of right axis deviation in hypertensive and arterio- 
sclerotic heart disease has received scant attention. Nathanson® 
found slight right axis deviation in 2 cases (3.3%), in a group of 60 
with advanced coronarj^ disease. Isolated instances of right axis 
deviation have been noted by other workers in cases of coronary 
occlusion.^ Bohning and Katz- found that “right axis shift” tvas 
infrequent in coronarj’^ occlusion, occurring only in some cases of 
anterior infarction. Comeau and I^fliite® in a recent publication 
found coronary disease in only 7 of 200 cases of right axis deviation 
(3.5%) and concluded that this abnormality was very uncommon in 
coronary sclerosis. The present study indicates that right axis 
deviation such as occurs in hypertensive and arteriosclerotic heart 
disease is commonly associated with the syndrome of coronary 
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thrombosis. The pathologic findings in the 13 autopsied cases and 
the clinical findings in the rest suggest that the underlying lesions 
in all instances were left ventricular hypertrophy, severe coronary 
disease and extensive myocardial damage. Right axis deviation is 
associated Avith electrocardiographic changes suggestive of anterior 
infarction (inverted f 1 and T 2, absent Q 4), as _ commonly^ as 
electrocardiographic changes indicative of posterior infarction 
(inverted f 2 and T 3, deep Q 3) (Table 3). The postmortem^ find- 
ings also show that the locations of the infarcts in such cases is not 
characteristic. 

The mechanism of this abnormal and unusual change in the 
electrical axis is obscure. The QRS complex is regarded as repre- 
senting the spread of the excitation waves throughout the ventricles, 
recording only electrical phenomena. These are dependent on 
the health of the ventricular musculature and conduction system. 
Abnormal deviations of the electrical axis are believed to be asso- 
ciated with preponderant disease of one ventricle, and the rnost 
common cause of axis deviation is disproportionate hypertrophy of 
one ventricle. It is evident from the present study that another 
mechanism causing changes in the electrical axis of the heart is wide- 
spread necrosis of one ventricle, which can so interfere with the 
conduction system of the myocardium as to completely nullify the 
effects of hypertrophy. 

It is significant that 83 % of the patients in whom follow-up stud- 
ies were made died within 27 months after the development of right 
axis deviation; 43% of the total series died within 1 month. Conner 
and Holt^ found an immediate mortality of 16.2% in their analysis 
of 287 patients with coronary thrombosis. White and Bland, 
found that the average duration of life after an attack of coronary 
thrombosis was 2.4 years in a group of 200 cases. The present study 
indicates that there is a higher initial mortality and that the average 
duration of life after the attack is only 7.6 months in patients who 
show right axis deviation after coronary thrombosis. The presence 
of right axis deviation in a patient with clinical evidences of coronary 
thrombosis is therefore a serious prognostic sign. 

Summary and Conclusions. 1. Right axis deviation may occur 
in hjTpertensive and arteriosclerotic heart disease, even in the pres- 
ence of left ventricular hj'pertrophy. 

2. It is commonly associated with recent attacks of coronary 
thrombosis and with severe myocardial damage. In 13 autopsied 
cases myocardial infarcts were found in 10 and diffuse fibrosis in 2. 
Right axis deviation occurs in cases with anterior or posterior infarc- 
tion singly or in combination, 

3. Of the patients with right axis deviation in whom folloiv-up 
studies were made, 83% died wdthin 27 months and 43% of the total 
series died within 1 month of its discovery'. The occurrence of right 
axis deviation in patients with hypertensive or arteriosclerotic 
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heart disease without rheumatic and congenital heart disease or cor 
pulmonale indicates a poor prognosis. 

4. Another mechanism altering the electrical axis of the heart may 
be widespread necrosis of one ventricle which can completely nullify 
the effects of hypertrophy of that ventricle. 
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THE TREATMENT OF 'ALCOHOLISM BY ESTABLISHING A 
CONDITIONED REFLEX. 

By Walter L. Voegtlin, M.S., M.D., 

MEDICAI, DIRECTOn, SHADEL SANITARIUM, 

SEATTLE, WASH. 

The utilization of the principle of the conditioned reflex in the 
treatment of alcoholism was first suggested by Markovnikov^ and 
by Ichok,^ in 1934. The former author cited some experimental 
results, but Ichok presented only a philosophic discussion of the 
subject. 

A conditioned reflex may be defined as the eliciting of a normal or 
unconditioned reflex response by means of a strange or unnatural 
stimulus. Thus if salivation in an experimental animal is made to 
result solely from the stimulus of a ringing bell, a conditioned 
reflex has been established. These reflexes are called conditioned 
reflexes because they require a period of training or conditioning 
before they may become manifest. The fundamental concept of 
the conditioned reflex and the importance of its several peculiar 
characteristics has been studied most exliaustively by Pavlov.® 

Method of Treatment. In applying the foregoing physiologic con- 
siderations to the treatment of alcoholism, the action of certain 
nauseant drugs is utilized to elicit the unconditioned reflex of nausea 
and vomiting. The sight, smell and taste of alcoholic beverages 
serve as the conditioned stimulus, and thus, a conditioned reflex 
can be established. The physical properties of alcoholic beverages 
when utilized as the conditioned stimulus will, upon exhibition, 
initiate reflex activity of the centers of nausea and vomiting. A 
distaste is thus created for the conditioned stimulus, amounting 
to a strong and definite aversion to the sight, smell and taste of 
liquor. It is interesting to note in passing that an analogous con- 
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ditioned reflex occurs spontaneously in nature in certain cases of 
food poisoning. It is probable that every one after partaking of 
certain foods too abundantly or of “tainted” food, has experienced 
nausea and vomiting. It is true that after such an unfortunate 
experience there is left in the mind of the person an aversion or dis- 
taste, that may last for jmars, for the particular food in question. 
It is of further interest to observe that the person may experience 
no distaste whatever for the food actually causing the illness should 
it escape his suspicion. His dislike may center upon an entirely 
blameless and innocent food that was eaten just prior to his illness. 
This observation indicates the importance of suggestion in estab- 
lishing the conditioned reflex. 

The establishment of a conditioned reflex aversion to alcohol is 
undertaken during a number (usually 5 to 7) of seances or treat- 
ments with rest periods between. The average hospital stay is 5 
days. No food except liquids and no sedative drugs are given for 
at least 12 hours prior to each treatment. Our choice of nauseant 
drugs lies between emetine and apomorphine. We have chosen 
emetine because its action is more prolonged and it produces no 
hypnotic effect following its use to complicate the interpretation 
of the results. However, small doses of apomorphine given in con- 
junction with the emetine achieve a degree of nausea and emesis 
impossible with emetine alone. Each treatment should be given 
only by a physician especially trained and experienced in this work. 
Experience has taught that a certain hazard exists in the admin- 
istration of the treatments. Alarming though not dangerous col- 
lapse may follow the injudicious administration of the suggested 
medication. 

The treatment room is constructed with special attention given 
to the physical comfort of the patient during treatment. The room 
is soundproofed in order to avoid extraneous stimuli, such as con- 
versation, street noises and all other distracting influences. The 
lighting is subdued with the exception of the treatment table. It 
is believed worth while to have the treatment table with its array 
of liquors "spot lighted” in plain view. The patient’s attention is 
thereby constantly focused on our conditioned stimulus. This 
attention to the visual sense will cause the sight of liquor to become 
one element of our conditioned stimulus. Similarly, by forcing the 
patient to smell deeply of various liquors at every possible oppor- 
tunity during the treatment, the olfactory sense may also be utilized 
as still another element of the conditioned stimulus. These points 
are of vital importance. In our experience we have found aversion 
to the sight and smell of liquor to be very marked following comple- 
tion of the course of treatments. Usually this aversion to sight and 
smell is sufficient to cause the patient to avoid alcohol without the 
more dangerous experiment of tasting liquor that he may satisfy 
his curiosity relative to his inability to drink. 
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Since the conditioned stimulus is specific, it is necessary to use 
every conceivable tjqie of liquor as our conditioned stimulus. 
However, the particular type of beverage usually consumed should 
receive the greatest stress. If this technique were not observed it 
would be possible to create a successful aversion to whiskey, for 
example, and none to other liquors or beer. 

The drugs used during the treatment are made up in 40 cc. ampules 
from which indi^ddual doses may be drawn with ease and accuracy. 
The proportions used are as follows: 

Emetine HCl ... 60 grains Ephedn'ne SO< ... 23 grains 

Pilocarpine .... 25 grains Water . . . qs 40 cc. 

Pilocarpine is included not only because of the psychic effect of its 
producing profuse diaphoresis and sialorrhea, but also because of 
the feeling among older writers that it helps combat the physical 
taste for liquor. The ephedrine is used to combat the fall in blood 
pressure experienced by some patients after emetine administra- 
tion. We feel that a fall in s 3 '^stolic blood pressure below 100 is indi- 
cation for rest and continued ephedrine medication until a near nor- 
mal level is again reached. 

In administering the actual treatment the following routine is 
used. The patient is made comfortable in the treatment room and 
the appropriate dose of the emetine-pilocarpine-e])hedrine mixture 
is given (Minims vi to xii) h 3 ^podermicall.y. Variations in dosage 
depend not so much on body weight as upon the personalitj'’ of the 
patient. Selection of the proper amount is largelj’’ based on previous 
experience and obser^’’ation of the effect obtained during the first 
treatment. It is well to mention casuall}' to the patient that this 
medication is merely a stimulant to support him during the ensuing 
violent nausea. Such a remark serves not onlj^ to remove the injec- 
tion as a possible source of the following nausea but also suggests 
to the patient that the drinking of the liquor is going to make him 
acutel}'^ ill. Experience alone will enable one to judge tlie exact 
moment when the emetine nausea will begin (usuall}'^ 2 to 8 minutes) 
and consequentlj'- the exact moment when the first drink of liquor 
should be offered. It is of paramount importance that this first 
offering of liquor should be given within several seconds before the 
onset of nausea and certainlj'^ under no conditions should it be with- 
held until either nausea or salivation has appeared. An error of 
onl}'^ a few seconds in the first admission of alcohol will not onfy 
annul the effect of the treatment but will, according to our experi- 
ence, make the patient recalcitrant to further efforts to establish 
a satisfactory conditioned reflex. If an error in timing has been 
committed and the liquor is given prematurely the onset of nausea 
maj’' be hastened by administering 1 to 2 grains of emetine orally 
in whiskey. Since this drug apparently acts centrallj'" to lower 
the threshold of mucosal irritabilitj’^ the effect after oral adminis- 
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tration at this time is more quickly manifest than would be an addi- 
tional hypodermic injection. Since this oral intake of emetine is 
almost entirely rejected before absorption can take place one can 
disregard the effect of this administration from a systemic point of 
view. Following the onset of nausea all types of liquor are forced 
on the patient, making certain that each empty glass is smelled 
deeply. Warm water is given frequently in order to afford easy 
emesis and to avoid retching. After emesis is completed the above 
routine is repeated until the nauseant effect has begun to wane. 
The stomach is then thoroughly emptied and washed with warm 
water using the Ewald tube. The patient is then covered carefully 
and left in the treatment room until the pilocarpine diaphoresis 
has ceased. 

Occasionally a patient is unable to regurgitate in spite of deep 
nausea. In these instances the stomach must be emptied promptly 
via the Ewald tube. Absorption of alcohol to the point where an 
effect is noted by the patient will vitiate the entire treatment. The 
necessary use of the Ewald tube does not in any way render the 
treatment less effective. 

It has been found that an occasional patient develops little or no 
nausea following the administration of emetine. In these cases 
it has been noted that the hypodermic injection of a small dose of 
apomorphine (grains 1/20 to 1/40) in conjunction with emetine will 
invariably initiate severe nausea. This procedure must be used 
with much caution due to the fact that approximately 30% of the 
patients so treated develop alarming syncope coupled with marked 
bradycardia amounting in a few instances to complete momentary 
cardiac standstill coincident with the onset of nausea. This is of 
course on the basis of strong vagus stimulation of central origin 
and may be overcome largely with preliminary atropine medication. 
Pilocarpine should not be given when the mixed treatment with 
emetine and apomorphine is used. 

Routine laboratory work was performed on each patient, includ- 
ing daily chemical and microscopic urinalysis, blood pressure deter- 
minations 3 to 5 times daily, as well as the indicated blood-chemistry 
studies. 

Contraindications to the treatment comprise in the main the 
cardio-vascular-renal syndrome, hepatic cirrhosis with or without 
esophageal varices, hernia (unless guarded), active peptic ulcer or 
history of recent hematemesis and active psychosis. 

Results. In the past 4 years 685 patients with chronic alcohol- 
ism have been treated by the foregoing method. Of this total num- 
ber the exact status of 538 of these patients is known. The latter 
figure will form the basis of the statistical data to be presented. 

The answer to the question as to results is of course based on the 
percentage of cures obtained. Chart 1 shows graphically the per- 
centage of complete abstinence among patients treated during each 
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6-month period for the past 4 years. Examination of these data 
will reveal that with the exception of the most recent and the most 
remote periods, the percentage of sobriety is remarkably constant, 
varying only between 62 and 69%. It is felt that the low percentage 
(50%) noted in the most remote period (48 months) is due to the 
fact that this group represents the first cases treated more or less 
experimentally and that certain mistakes and omissions of technique 
occurred, which have later proven to be most important, and that 
a relatively poor result was thereby obtained. TOiile the percentage 



Chart 1. — Showing the percentage of abstinence at the present time among 
patients treated during each 6-month period during the past 4 years. 


of abstinence for tlie 6-month period immediately following treat- 
ment is found to be 97.3%, the percentage during the second 6- 
month period is seen to be only 65.7%. This indicates clearly, in 
view of the number of cases reported, that the great majority of 
relapses occurred between the sixth and twelfth months following 
treatment. It is believed in view of tliese figures tliat if a relapse 
does not occur during the first year, the subsequent danger of a 
relapse is not great. The slight fluctuations shown after the first 
year in the graphic representation of tlie data are due to variations 
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treatment could be, instituted. This represents a mortality of 2.8%, 
if this untreated case is included. 

The mortality of the entire series of cases receiving the complete 
treatment was a single death (0.14%) due to cardiac failure. 

Laboratory studies show that while 36.8% of patients on admis- 
sion show albuminuria only 3.9% have this finding upon being dis- 
charged. 



Chart 2. — Showing the increase in urinary specific gravity (dehydration) in 100 
unselcctcd cases during treatment. 


Discussion. Failures under this method of treatment are due in 
very few instances to the inability to establish a satisfactory con- 
ditioned reflex. The greater proportion of failures are due to the 
natural breaking down and weakening of the conditioned reflex 
due to the lack of periodic reenforcement. This is indicated by the 
fact that the relapses occur during the sixth to twelfth months 
when the reflex might be expected to weaken or disappear. Re- 
lapses occurring before the sixth montli are almost without excep- 
tion characterized by gross psychopatliic traits. Those cases of 
permanent cure are seen in individuals who possess sufficient residual 
psychic balance spontaneously and automatically to repair the 
fundamental personality defect which is the basis of their drinking 
during the period of enforced abstinence before tlie mechanism of 
the conditioned reflex becomes weakened to the point Avhere it is 
no longer effective. This suggests the desirability of reenforcem'ent 
by secondary treatment after the sixth month following the original 
treatment. It is felt that this practice would greatly enhance the 
value of the results obtained. 
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rehabilitation work in tliose cases where it is necessary’- that assist- 
ance be given in such matters as regaining lost positions, smoothing 
out domestic incompatibilities and obtaining employment, etc. 
It is felt that this work is of the greatest importance in aiding the 
reclaimed alcoholic to find his lost position in society. 

Summary. 1. The technique of a new physiologic approach to 
the problem of the treatment of alcoholism, the conditioned reflex, 
is given. 

2. Younger individuals and women are less promising patients 
from the standpoint of ultimate cure than are mature men. 

3. The treatment is safe; having a mortality of less than 0.15%. 

4. About 64% of permanent cures may be expected as a result 
of this treatment when rehabilitation measures are practiced fol- 
lowing discharge. 

5. Psychotherapy and routine reenforcement after the sixth 
month following treatment will probably improve these results 
markedly. 
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STUDIES ON A PURIFIED ANTIGEN FROM BRUCELLA.* 

By P. Morales-Otero, M.D., 

AND 

L. M. Gonzalez, B.S., 

SAN JUAN, PUERTO WCO. 

(From the Department of Bacteriology of the School of Tropical Medicine, 
University of Puerto Rico, under the auspices of Columbia University.) 

Cutaneous hj’persensitiveness to specific antigen as a test for 
brucella infection has been used by several autliors.^'-'®^’*’®’’'^®*’’^’^®' 
19,20 Unfortunately, a diversity of preparations®“'®'“®’^^ has been used 
as antigens, making correlation of results difficult. We have tried 
to obtain a standard preparation which could be measured accu- 
rately, would be a good antigen, would be stable and could be pre- 
pared easily and with the least possible denaturization. 

This has been made possible by following a modification of Sei- 
bert’s method^® for the preparation of P.P.D. (purified protein 
derivative from tuberculin). Since brucella organisms cannot be 

* This paper was read at the Third International Congress for Microbiology, 
New York City, September 2-9, 1939. 
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made to grow on synthetic media, as has been demonstrated by 
previous investigators/^ we were unable to utilize a filtrate of the 
cultures as with the tuberculin products^® We started with a solu- 
tion of cellular constituents of the brucella organisms and pro- 
ceeded to extract and purify the protein fraction. 

Method. Strain No. 456 National Institute of Health, Washington, 
D. C., was used. 

Large amounts of Brucella abortus are grown on standard nutrient agar 
pH 7» in Blake bottles for 72 hours at 37° C. Approximately 5 ml. of 
saline with 0.5% phenol are added to each bottle and left for 30 minutes in 
contact with the culture, to loosen the cells. The phenolized saline con- 
taining the suspension of cells is removed from the bottles with sterile 
pipettes and the surface of the agar thoroughly washed with more phenol- 
ized saline. The organisms are recovered by centrifuging at high speed, 
and dried! in a calcium chloride desiccator until they attain a horny appear- 
ance. Then they are ground in an electric grinding apparatus to obtain a 
fine white powder. This fine powder is mixed with 2 liters of 0.02 N sodium 
carbonate and placed in the refrigerator over night. Next morning the 
alkaline suspension is filtered, first through a paper and then through a 
Berkefeld candle. To the filtrate we add 0.5% phenol, to avoid bacterial 
contamination during the following steps of the procedure. The filtrate 
is then concentrated by ultrafiltration through alundum cups impregnated 
with 13% gum-cotton glacial acetic solution prepared according to the 
method described by Seibert.^® The ultrafiltration is continued until the 
liquid is concentrated to about 100 ml., then it is washed by passing 500 mi. 
of distilled water through the alundum cup filter.^ The concentrated 
colloidal solution is then filtered through a paper to eliminate any insoluble 
material that may have sedimented during the ultrafiltration. The protein 
is precipitated by mixing the colloidal solution ^vith one-fourth its volume 
of a 50% freshly prepared aqueous solution of trichloracetic acid making a 
final concentration of 10% acid. After standing over night in the ice box, 
the protein precipitate is thrown down by centrifugation. Then it is washed 
repeatedly by centrifugation with freshly prepared 10 % trichloracetic acid 
solution until the washings are colorless. The protein product is then 
washed with large volumes of anhydrous ether by repeated triturations and 
centrifugations until all the acid is removed and the precipitate is com- 
pletely dehydrated. The nitrogen and polysaccharide contents of protein 
prepared from different batches of cell cultures vary between 1 and 2%. 

The final product thus obtained fulfills our requirements, for it is of a 
fine consistency, light brown in color, of a fairly constant chemical composi- 
tion, can be measured accurately, is stable in the dry state and constitutes a 
good antigen. It is not completely soluble in water, but is easily dissolved 
by adding a few drops of 0.1 N alkali. The solution is neutralized with 0.1 N 
hydrochloric acid and it remains clear. This preparation has been used in 
determining cutaneous hypersensitiveness among contact groups and 
groups^ from the general population of the island of Puerto Rico, where 
endernic abortion is prevalent and in the island of St. Thomas where endemic 
abortion is not known to exist. At the same time, agglutinative, comple- 
fixation and opsonocytophagic tests were made on the same subjects. 

To carry out the skin test we proceeded as follows: 

The purified protein product was dissolved in saline by the method de- 
scribed above, so that the resulting solution would contain 0.1 mg. per cc. 
One-tenth cubic centimeter of the solution thus obtained (containing 
0.01 mg.) was injected intracutaneously over the flexor surface of the forearm. 

t Dtying the organisms has been introduced as a modification to the original 
method to obtain a higher yield of the product. 
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The site of injection was examined 48 hours later. In subjects that reacted 
positively, there was marked erythema and edematous induration. In 
sensitized guinea pigs the reaction is characterized by a violent inflammatory 
response with neutrophilic infiltration and much edema. The reaction is 
well developed 6 hours after injection, but is most marked on the 3d day, 
after which it regresses rapidly.” Negative cases showed no changes.' Tfio 
opsonocytophagic test was carried out by the technique described by 
Huddleson.® Agglutinative and complement fixation tests were made with 
the technique described by one of us previousl5’-,*® modified bj'’ using purified 
brucella protein as antigen in the complement fixation tests. 

Material. Three groups were tested. Group A consisted of 222 adult 
males from Puerto Rico working in contact with cattle or infected material 
as milkers or cattle handlers near San Juan, Group B was composed of 1003 
children and adults from the general population of San Juan, whose milk 
supply is infected with Br. abortus. Group C was composed of 448 children 
and adults from the general population of St. Thomas, where abortion dis- 
ease is not known to exist. 

Results. Of the 222 adults of Group A 35.5% reacted to one or 
more of the tests made, 24,7% showed hypersensitiveness, 20.2% 
showed a positive opsonocytophagic reaction, 5.4% showed positive 
agglutination and 7.2% showed a positive complement fixation 
reaction. 

Of the 1003 cases of Group B 5% reacted positively to one or more 
of the tests, 4.2% gave a positive cutaneous reaction, 2.3% showed 
a positive opsonocytophagic reaction, while 0,29% were positive 
to agglutination and 0.49% showed a positive reaction to the com- 
plement fixation test. 

Of the 448 children and adults from the general population of 
St. Thomas, where endemic abortion is not known to exist, all cases 
were negative to the skin test, agglutination and complement 
fixation reactions. One per cent gave positive opsonocytophagic 
reaction. Two cases suffering of advanced pulmonary tuberculosis 
showed =4= reactions to the skiii test, but in both instances the reac- 
tion was considered negative and the cases were negative to all other 
tests (see table). 

Table 1. — Correlation or Brucellosis Tests in a Contact Group and Groups 
Froji the General Population. 


Contact croup 

Group from 
general 
population of 

Group from 
general 
population of 

Groups tested. 

(P. R.) 

P. R. 

St. Thomas. 

Number of persons tested .... 

222 

1003 

448 

Reactors to one or more tests, % . 

35.5 

5.0 

2.2 

Reactors to skin test, % .... 

24.7 

4.2 . 

,0 

Reactors to agglutinative test, % . 

5.4 

0.29 

0 

Reactors to complement fixation test, % 

7.2 

0.49 

0 

Reactors to opsonocytophagic test, % . 

20.2 

2.3 

2.2 

Clinical evidence, % 

3.3 

0.3 

0 

Total number of persons tested, 1673 




Discussion. There is no correlation between cutaneous allergy 
to brucella infection and other immunological reactions such as 
agglutination or complement fixation. 
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As in Evans’ report,® in our series there were cases positive to the 
opsonocytophagic test, which gave a negative cutaneous reaction, 
and cases showing a positive cutaneous reaction which were negative 
to the opsonocytophagic test. Others were positive to both and neg- 
ative to agglutination or complement fixation. It is worthy of note 
that in our series, using the purified protein as an antigen, the 
number of cases giving a positive reaction to the complement fixa- 
tion test was larger than that' giving a positive agglutination. In 
experimental work published by one of us,^® it was demonstrated 
that agglutinins in rabbits develop earlier and disappear earlier 
from the blood than alexins. 

Using the purified brucella protein for cutaneous tests in this 
series, none of the cases showed necrosis, although 8% of the posi- 
tive reactors developed constitutional reaction accompanied by 
pain or discomfort in the arm, general malaise and slight fever, 
which usually lasted 24 hours. Severe local and systemic reactions 
were absent. 

There is a direct relation between contact wdth infected sources 
or ingestion of infected raw products and skin reaction to the puri- 
fied brucella protein. 

Contact wdth infected material may cause the development of a 
state of hjTiersensitiveness as shown by injection of purified brucella 
protein, although clinical signs or symptoms of the disease may not 
have been evidenced. Other cases may show laboratory and 
clinical evidence of infection by brucella organisms, and yet do not 
show hypersensitiveness still others may have been in contact 
■with sources of infection for many years and sho'ft’^ symptoms of 
previous latent infection and give a negative reaction to the injec- 
tion of brucella protein. In the case of anergy in the presence of 
proven brucella infection, clinical and laboratory evidence may 
precede the development of a positive reaction. This may merely 
represent a delay in the appearance of allergy and these cases should 
be tested from time to time to see if hypersensitiveness develops 
some time during infection. 

Desensitization apparently occurs. We observed that usually 
the older milkers and those that had been working in an infected 
dairj^ for many years, were negative to the cutaneous test, although 
they, undoubtedly, had chances of becoming infected.- In some cases 
they were positive to one of the other reactions, but usually they 
were negative to all of them. 

The possibility of sensitization without infection must be duly 
considered in evaluating the skin reaction. No doubt there is a 
necessity for a standard preparation that wdll react -^dth specificity, 
stability and constant potency, and it is hoped that the purified 
brucella protein may fulfill this need. 

In our opinion, the cutaneous test to the purified brucella protein, 
when positive, only occurs in persons that have been previously 
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sensitized to brucella protein. It should be of great value in epi- 
demiological investigations in determining the persons that have 
been in contact with infected sources, but until further work is 
done it should not be considered as proof of present or past infection, 
since it only shows a state of hypersensitiv’^eness in persons that 
have been in close contact with infected material. 

From the practical standpoint, it seems doubtful if there is as much 
significance in determining how many have ever been infected with 
brucella as in finding how many harbor the bacilli at the moment. 
IMiether or not this can be done remains to be proved. 

Conclusions. 1. A method for the preparation of a purified pro- 
tein derivative from brucella cells is described. The product 
obtained is of a fine consistency, light brown in color, of a fairly 
constant chemical composition, can be measured accurately and 
constitutes a good antigen. 

2. The preparation has been used successfully as an antigen in 
complement fixation tests and in determining cutaneous hj'per- 
sensitiveness to brucella in man and laboratory animals. 

3. In man there is a direct relation between contact with infected 
material or ingestion of infected raw products and skin reaction 
to purified brucella protein. 

4. The incidence of positive reactors to the skin test in Puerto 
Rico, where Br. ahorhis infection is prevalent in cattle, was 24.7 % 
in contact groups and 4.2% in groups from the general population 
consuming raw milk from infected sources. On the island of St. 
Thomas, where infection is not known to exist, we were unable to 
find any reactors in the group examined. 
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The study of experimental arterial hypertension which will 
result from constriction of the renal artery by Goldblatt’s method 
has led to the inference that the likely cause for the elevation of 
blood pressure is a pressor substance elaborated by the affected 
kidney,® An alternative possibility needs still to be considered: 
that ^e presence of a presumably altered kidney may result in the 
diminished destruction or excretion of pressor substances formed 
elsewhere than in the kidney. 

We have been able to confirm the fact that 2 rats living as Siamese 
twins, with interchange of their capillary and lymphatic fluids as 
demonstrated by anatomic® and physiologic^ studies, will survive in 
the total absence of renal tissue from one of the two parabiotic ani- 
mals.'® This type of preparation seemed favorable for an approach 
to testing the second hypothesis mentioned: if the excretion of 
pressor substances formed outside the kidney were impaired by the 
reduction of renal tissue, then one or both parabionts might show 
hypertension. Such a result, however, might be dependent upon 
other mechanisms, such as fluid retention with an associated in- 
crease in blood volume. 

Method. Litter mate male rats were joined together by the method of 
Bunster and Meyer^ when they were 20 to 30 days old. In some instances 
one kidney was removed from one or both animals at the time of joining. 
After 60 to 90 days further nephrectomies were performed until only one 
kidney remained to function for both animals. 

Estimations of systolic blood pressure were made by the method of 
Griffith, using soluble Evipal (N-methylcyclohexenylmethyl barbituric 
acid) intraperitoneally (7 mg. per 100 gm. body weight), to obtain a brief 
period of light anesthesia. The blood pressure was taken prior to each 
successive nephrectomy in the adult animals, and usually daily following 
the third nephrectomy for as long as the animals survived. In our hands 
this indirect method of estimating blood pressure has shown a tendency 
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to give lower readings than the more accurate method of Hamilton, Brewer 
and Brotman.® 

In another series of parabionts blood volume was determined by the 
method of Griffith and Campbell,^ before each nephrectomy in the adult 
parabionts, and weekly after the third nephrectomJ^ The annuals were 
anesthetized as for the taking of blood pressure, and injections were made 
into the femoral or jugular veins. Microchemical determinations of the 
blood urea nitrogen were made by the Folin method.^ 

The animals were allowed to drink water as desired and likewise to eat 
an unmeasured quantity of Purina Dog Chow supplemented by a semi- 
weekly ration of cabbage and celery leaves and carrot roots. 

The weight of each parabiont was obtained by carefully placing the 
anesthetized animals on two adjacent scales. The sum of the individual 
weights was found to approximate the weight of both animals on a single 
scale by an error of not more than 5 gm. 


BLOOD VOLUME 

CC/tOO GRAMS 


8 

4 



4 

1-1 


ONE KIDNEY 


8 

4 



NO KIDNEYS 


4 


0 


DIFFERENCE 


4 - 


-) 1 - 

z t 


DAYS 


BLOOD PRESSURE 

M MH6 



Chart 1. — A comparison between blood volume of 11 pairs of parabiotic rats, 
and systolic blood pressure of 19 pairs of parabiotic rats, toward the end of their 
survival period. 

In the top section on either side are values for parabiotic twins retaining one kidney 
(the other member of the pair having no kidneys); the middle section records the 
same features for totally nephrectomized animals (the other member of the pair 
having one kidney): while the bottom section shows the arithmetical difference 
between the values above, i. e., doubly minus singly nephrectomized. The doubly 
nephrectomized animals invariably show a larger blood volume, and usually exhibit 
higher blood pressure. 


Eesults. Following the removal of the third kidney the twin 
rats will live for as long as 3 months. ■ However, with repeated 
anesthesias for the taking of blood pressure and blood samples, the 
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median survival of 19 pairs of rats was 10 days. ' In the last week ■ 
of life the totally nephrectomized animal showed increasing eleva- 
tion of blood urea nitrogen, while its parabiont retaining one kidney 
showed only slight azotemia at most.i® There was usually progres- 
sive weight loss following the third nephrectomy. At necropsy 
the first of the pair to die showed visceral congestion, ascites and 
hydrothorax being found in 8 instances. The totally nephrectom- 
ized animal was usually the first to die. 

Prior to the third nephrectomy no marked variations between 
the blood pressures of the two parabionts were observed. After 
the'third nephrectomy, however, 13 of 19 pairs of rats showed a 
terminal elevation of systolic blood pressure to 140 mm. Hg or 
more, in 10 instances the higher pressure being exhibited by the 
totally nephrectomized animal. Seven of the 8 animals showing 
serous effusions had terminal hypertension. All blood pressure 
readings taken during the last 12 days before death are recorded 
for 19 pairs of animals in Chart 1. 


Table 1. — Blood Volume in Single and Parabiotic Rats. The Mean Blood 
Volume of Parabiotic Partners With Both Kidneys Removed is 
Significantly Elevated. 



Single. 

Parabiotic. 

Intact. 

One kidney. 

24 hours 
after both 
kidneys 
out. 

Intact. 

One kidney 
out of each. 

Partners. 

One 

kidney 

out. 

Both 

kidneys 

out. 

Number of observa- 
tions .... 

4 

6 

4 

47 

22 

11 

11 

Mean blood volume 
cc. per 100 gm. . 

4.9 ± .14* 

4.19 ± .12 

5.0 ± .17 

4.95 ± .11 

4. 86 ± .13 

4.7 ± .21 

5.71 ± .23 

Incidence of blood 
volume of more 
than 5.5 

0 

1 

0 

0 

9 

3 

1 

7 


• Standard error of the mean. 


Blood volume determinations were made upon a second series 
of both single and parabiotic rats after one or both kidneys had 
been removed. The results for each type of preparation are seen in 
Table 1. Beeause of the necessity for exposing and puncturing the 
femoral veins when repeated estimations of blood volume were made, 
no blood pressure readings were attempted on this series of animals. 
Comparing the two series, in the last 4 days of life the totally neph- 
rectomized animal showed a significantly preponderant incidence 
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of hypertension, and in every parabiotic pair studied there was a 
higher blood volume. This, together with the degree to which the 
totally nephrectomized rats’ blood volume and blood pressure are 
increased, is shown in Chart 1. 

Discussion. Parabiosis, as produced in rats, has afforded the 
opportunity to observe changes in blood pressure and blood volume 
following nephrectomy over a longer period of time than the single 
animal would survive. The frequent occurrence of hypertension 
in the totally nephrectomized parabiotic rat is in contrast with the 
usual behavior of individual dogs as shown by Harrison, Mason, 
Resnik and Rainey.® To the best of our knowledge, ours are the 
first experiments in which hypertension has been observed to occur 
frequently in totally nephrectomized animals. Beckmann, Basz, 
Durr, and Drosihn^ have demonstrated an increase in the blood 
volume of dogs 48 hours after nephrectomy. Miller and Williams'® 
observed marked elevations of blood pressure upon giving large 
quantities of fluid to patients with hypertension and with nephritis. 
Griffith,®'’ using a somewhat similar technique in rats, has shown the 
rise in blood pressure to be accompanied by an increased blood 
volume. 

In the light of the foregoing references, hypervolemia seems to 
be at least an important factor in the production of high blood 
pressure late in the survival period of the totally neplirectomized 
parabiotic rats. If the retention of pressor substances is a factor, 
their effects could be only contributory. 

Summary. Totally nephrectomized rats will survive in para- 
biosis for 2 to 90 days following the second nephrectomy. They 
will show progressive weight loss and azotemia in the last week of 
life. Terminally hypervolemia and hypertension will usually appear. 
The probable mechanism of this type of experimental hypertension 
is discussed. 


The authors wish to acknowledge their gi-atitude to Dr. J. Harold Austin for his 
invaluable assistance in the planning and interpretation of these experiments. 
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The relationship of obesity to hypertension is still a moot ques- 
tion and its exact significance awaits further clarification. There is 
no question but that there is a positive statistical correlation be- 
tween obesity and hypertension. In any large group there will be 
more systolic and diastolic hypertension in the obese members and 
fewer low pressures than in the non-obese.^~®’*‘’'^^'“’^^ Further, in 
any hypertensive group there will be almost three times more over- 
weights than underweights. Clinically, too, the relationship is 
demonstrated by the loAvering of the blood pressure of obese patients 
when weight reduction is effected.^-^'^® In spite of this it has not 
been implied that obesity causes hypertension for there are some 
underweights who are hypertensive and some overweights who have 
low pressures. The most that can be concluded from the statistical 
and clinical relationships is that there may be something about 
obesity that aggravates an inherited predisposition to hypertension. 
If it is not the obesity itself, then the altered metabolism associated 
with obesity may be a contributing factor that aggravates a latent 
hypertension. Even such inferences are not final. Several extrane- 
ous and disturbing factors enter into the picture. One of the most 
important is the role of body build. Body build of itself is definitely 
related' to weight and blood pressure. 2 '® “'^ 2 .i 6,22 Before we can 
fully assess the obesity factor in hypertension, it must be separated 
from its dependence upon body build which also asserts an unfavor- 
able influence on blood pressure. It is the purpose of this paper to 
consider the effect of both of these forces by separating the weight 
from the build factor and determining the relative influence of each 
in their correlations to hypertension. 

In two previous papers hjqiertension was shown to be positively 
correlated to both obesity^® and body build.^®®’® In this study the 
records of the periodic physical examinations of 3436 men and 2184 
women were analyzed. A complete description of the source mate- 
rial, the method of examination and the composition of the group 
has been published.^®” 

* A portion of this material was exhibited at the St. Louis Sessions of the Ameri- 
can Medical Association, 1939, and the Inter-State Post Graduate Assembly, Chicago, 
1939. Assistance in the preparation of these materials, tables, and charts was fur- 
nished by the personnel of the Work Projects Administration, Official Project No.465- 
54-3-37 (3). 
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We showed previously that weight alone was not an accurate 
measure of obesity, so we used the ponderal index-weight divided 
by height. In this paper we introduce chest circumference as a 
further corrective factor in defining obesity by using a modified 

ponderal index, This index adjusts for 

both height and width, allowing the taller or broader person to carrj'- 
more weight and the shorter or more slender person to carry less 
weight and be classified as normal. Body build is measured bj’- the 
simple ratio of chest circumference to height, f It will be noted that 
weight is not used to arrive at a build index. 

First, in this study, we divided our sample into four build groups, 
at one extreme the linear or slender and at the other extreme the 
lateral or broad. The portion between the extremes was broken 
into two intermediate groups. Eacli of these four build groups, in 
turn, was divided into light, medium, and heavyweight subgroups 
as shown in Table 1. 


Table 1. — The Incidence of Weight Classes in Body Build Ghoups in 
3430 Men and 2184 W'^omen, 



Linear build 
(slender). 

" ■ 1 

Linear 

intermediate. 

Lateral 

intermediate. 

Lateral build 
(broad). 

Men. Women. 

Men. Women. 

Men. Women. 

Men. Women. 

Lightweight 

207(49%) 201 (40%) 

311(23%) 165(21%) 

117(11%) 30(8%) 

8(2%) 9(3%) 

Mediumweight 

262(48%) 355(55%) 

905(71%) 498(63%) 

851 (75%) 252(54%) 

252(61%) 83(30%) 

Heaiyweight 

15(3%) 35(5%) 

75(6%) 127(10%) 

103(14%) 170(38%) 

150(37%) 187(57%) 

Total 

544 051 

1351 790 

1131 404 

1 

410 279 


A study of the weight distribution within each build group showed 
the tendency’' for the broad or lateral build group to have a far 
greater incidence of obesity than did the linear or slender build 
group. As is apparent from Table 1, as the group becomes more 
lateral or broad the incidence of obesity increases markedly and 
there is a proportionate decrease in the incidence of lightweight. 
For example, consider the striking fact that 37 % of lateral or broad- 
chested men are obese, while 3% linear or slender are obese. On 
the other hand, only 2% of lateral men are lightweight while 49% 
of linear men are lightweight. This same, strong affinity of the 


* In the present paper the weight classes are defined as follows: 

Lightweight = Modified Ponderal Index under 6.00 
Mediumweight = Modified Ponderal Index 6.00 to 6.99 
Heavyweight = Modified Ponderal Index 7.00 and over 
A full discussion of the weight breakdowns is found in Reference 19. 
t In the present paper the body build types are defined as follows; 

Linear build = chest: height ratio less than . 50 

Linear intermediate build = chest: height ratio between .50-. 54 
Lateral intermediate build = chest:height ratio between .55-. 59 
Lateral build = chest: height ratio .60 and over 






























HYPERTENSION BODY BUIED AND OBESITY 


821 


lateral build for obesity is present to an even more marked extent 
among women. 

It is therefore very apparent that obesity is an attribute of build. 
The chances of a lateral or broad type individual being underweight 
are slight and the chances of the slender or linear build person being 
overweight are slight. Obesity is therefore dependent to a great 
extent upon the build of the individual and denotes more particularly 
the broad-chested person. 

Mean Systolic and Diastolic Pressures in Specific Weight-build 
Groups. 'When the effect of obesity on blood pressure in a total 
group in which there is a conglomerate of mixed builds is studied, 
there is a very significant correlation between body weight and 
blood pressure. However, if obesity is to be considered an etiologic 
factor in hypertension or even a contributing factor, then an in- 
crease in blood pressure must be noted as the weight increases in 
every specific build group. To examine this contention let us first 
study the changes in mean systolic pressure as the weight varies 
in each build group. In Table 2 it can be seen that with a procession 
from light to hea\yweight there is not always a proportionate 
increase in systolic pressure. There is a slight increase in systolic 
pressure with weight in the linear or slender builds for both men 
and women but in the lateral intermediate men and the lateral build 
women this does not occur. As a matter of fact there is actually a 
reversal of the expected trend, while in the remaining builds the 
difference between light and heavyweight is too small to be sig- 
nificant. 


Table 2. — Mean Systolic Pressure in Specific Weight-build Groups in 3436 

Men and 2184 Women. 



1 Linear build 

1 (slender). 

Linear 

intermediate. 

Lateral 

intermediate. 

Lateral build 
(broad). 


Men. Women. 

Men. Women. 

Men. Women. 

Men. Women. 

Lightweight 

116 

109 1 

120 

113 

134 

121 

136* 

141* 

Mediumweight .... 

118 

113 

120 

118 

129 

127 

133 

143 

Heavyweight 

1 

120* 

112 

124 

120 

! 

125 

125 

1 

134 

135 


* Less than 30 persons. 


In diastolic pressure there is a better correlation of weight to 
blood pressure in the respective build groups (Table 3). The obese 
men in everj^ build group showed a slightly higher mean diastolic 
pressure than did the lighter weight men, although the more slender 
women showed no difference and the lateral women a probable 
reversal of trend. 

On the other hand, a verj’ definite and consistent relationship is 
observed between body build and mean systolic and diastolic pres- 
sure in everj' weight group. Progressing from linear to lateral 
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build the men show a steady increase in systolic and diastolic pres- 
sure in every weight group, and the women do likewise to an even 
more marked degree. Equally significant is the fact that the increase 
in pressure is consistentlj'^ greater as the group becomes broader 
chested than it is when the group becomes heavier. For example, 
the greatest increase in pressure caused by an increase from light to 
hea\^nveight among women was 7 mm., while the greatest increase 
from slender to broad build was 30 mm. The mean increase in 
systolic pressure due to weight for men and women was 1 mm. and 
that due to build was 27 mm.; the mean diastolic increase due to 
weight was 4 mm., that due to build was 11 mm. This fact illus- 
trates immediately the relative importance of obesity and build. 
Another interesting observation, though not bearing on this study, 
is that the linear types of women have lower pressures than the 
linear types of men while in the lateral types they tend to be almost 
equal. 


Table 3.— Mean Diastolic Phessdhb in Specific Weight-build Groups in 
3436 Men and 2184 Women. 



Linear build 
(slender). 

Linear ! 

intermediate. 

Lateral ] 

intermediate, i 

Lateral build 
(broad). 


Men. AVomen. 

Men. Women. 

Men. AVorocn. 

Men. AA^omen. 

i 

Lightweight 

70 

67 

73 

68 

77 

75 

80* 

79* 

Mediumweight .... 

71 

09 

75 

72 

79 

70 

81 

81 

Heavyweight 

77* 

68 

78 

73 

80 

76 

87 

81 


* Less than 30 persons. 


The Incidence of High Pressures in Specific Weight-build Groups. 
A more illustrative picture of the effect of weight and build upon 
blood pressure is to be found in the comparison of the incidence of 
hypertension within each specific weight-build group. It would be 
expected that the incidence of systolic hypertension would increase 
with an increase in weight in all build groups. Chart 1 shows that 
this is not always the case. The incidence of hypertension rises as 
obesity increases in the linear or slender build groups but fails to 
follow this trend in the lateral groups. There is an actual reversal 
of the trend in some of the broad chested groups revealing less 
hypertension in the obese than in tlie underweight. 

The distribution of diastolic hypertensives showed a more con- 
sistent correlation to obesity among men (Table 4) , In everj^ build 
there is a steady increase in the incidence of diastolic hypertension 
as the group becomes heavier, but the women do not show this 
correlation. Only in the linear intermediate group is the expected 
trend observed. All other groups of women show a minimal ex- 
pected trend or no difference at all. 

On the other hand, the effect of build upon systolic and diastolic 
hj'pertension shows a consistent and unmistakable tendency. Both 
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men and women become more susceptible to high systolic and dias- 
tolic pressure as they fit into the broader build groups. There is 
more than a 100 % increase in the incidence of hypertension as the 
group progresses from the extreme linear to the extreme lateral 
build. The women show 300% and 400% increases in the incidence 
of hypertension. The same trend is present in diastolic hyper- 
tension. 


Table 4. — The Incidence op High Diastolic Pbessuke (Over 80 Mm.) in 
Specific Weight-build Groups in 3436 Men and 2184 Women. 



Linear build 
(slender). 

Linear 

intermediate. 

Lateral 

intermediate. 

Lateral build 
(broad). 


Men. 

Women. 

Men. Women. 

Men. 

Women. 

Men. Women. 

Lightweight 

15% 

10% 

23% 

10% 

33% 

31% 

38%* 

44%* 

Mediumweight .... 

22% 

13% 

' 30% 

22% 

41% 

38% 

52% 

61% 

Heavyweight 

33%* 

11% 

’ 39% 

25% 

45% 

35% 

57% 

51% 


* Less than 30 persons. 


Body build exerts a constant and almost proportionate effect on 
both systolic and diastolic hypertension. The broader persons are 
unfavorably affected. On the other hand, obesity was shown to be 
correlated to diastolic hypertension among thd men and less so to 
systolic pressure. Among the women obesity shows an inconstant 
effect on hypertension; in some groups there is a positive correlation 
and in others none at all or an actual reversal of the expected trend. 

The Incidence of Low Pressures in Specific Weight-build Groups. 
In those groups where the incidence of hypertension increases it is 
to be expected that the incidence of low pressure will decrease. This 
is true in most instances. The incidence of low systolic pressure is 
smaller in the heavyweight groups of the more linear or slender 
men and women. The linear builds therefore do show a low pressure 
—lightweight correlation. In the more lateral builds the obese men 
actually had slightly more low systolic pressure than the light- 
weights, while the women showed a slight tendency towards a 
decreased incidence of low pressure in the heavyw’'eight group. 
The lateral builds, therefore, do not show a low pressure— light- 
weight relation (see Charts 1 and 2). 

The incidence of low diastolic pressures in the obese men is 
always slightly lower than in the lightweight men of any build 
group; the expected trend holds true. However, in diastolic as in 
systolic pressure, lightweight and low pressure are correlated only 
in the linear intermediate women. All other types of women failed 
to show the expected trend (Table 5). 

On the other hand, the build factor e.xerts a constant effect upon 
the incidence of low blood pressure. In every weight group for both 
men and women— with one exception in heavyweight men— the 
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LINEAR BUILD 

rSLtNOCAl 


INTERMEDIATE 

BUILDS 


lateral BUILD 


Chart 1. — The relative influence of obesity and body build on high and low sys- 
tolic pressures in 343G men. Of the four body build groups, the extreme linear is on 
the left and the extreme lateral is on the right. Eacli body build group, in turn, is 
divided into lightweight (blank space), mediumweight (dotted space), and heavy- 
weight (cross-hatched space). Within each specific weight-build group the shaded 
section of the circle denotes the percentage of low systolic pressure, and the black 
section denotes the percentage of high systolic pressure. Moving from linear on the 
left to lateral on the right, the black sections of hypertension show a greater increase 
than they do when moving from lightweight to heaT-j’weight. Lightweights are 
found predominantly in the linear build, while heatTweights are found predominantly 
in the lateral build. 



HEAVY 

WEIGHT 


LINEAR BUILD 

faLtNDtR) 


{NTERMCOIATC 

BUILDS 


LATERAL BUILO 

(8ROA&) 


Chart 2. — The relative influence of obesity and body build on high and low sys- 
tolic pressures in 2184 women. Construction is the same as in Chart 1. Moving 
from linear on the left to lateral on the right, the black sections of hypertension show 
a greater increase than they do when moving from lightweight to heavyweight. 
Lightweights are found . predominantly in the linear build, while heavyweights are 
found predominantly in the lateral build. (Charts prepared by W. P. A. project 
465-54-3-3753.) 
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lateral person shows a markedly lower incidence of low systolic 
blood pressure than does the linear or slender person. In one pos- 
sible exception^ the heavj'^weight men, there is a similar tendency 
but not to as marked a degree. The effect of build upon the inci- 
dence of low diastolic pressure is similar to that of low systolic pres- 
sure with the exception, again, that medium and heavyweight men 
show the expected tendency to a less marked degree. 


Table 5. — The Incidence op Low Diastolic Pressure (Under 65 Mm.) in 
Weight-build Groups in 3436 Men and 2184 Women. 



Linear build 
(slender) . 

Linear 

intermediate. 

Lateral 

intermediate. 

Lateral build 
(broad) . 


Men. Women. 

Men. Women. 

Men. Women. 

Men, Women. 

Lightweight 

37% 

48% 

22% 

43% 

19% 

22% ' 

0* 

33%* 

Mediumweight .... 

21% 

45% 

19% 

35% 

14% 

21% 

15% 

15% 

Heavyweight 

27%* 40% 

9% 

33% 

9% 

21% 

10% 

17% 


* Less than 30 persons. 


Table 6. — Correlation Data, the Relationships of Chest/Height, Ponderal 
Index, and Blood Pressure. 


Chest/height to systolic pressure . . . . 

Chest/height to diastolic pressure . . . . 

Modified ponderal index to systolic pressure 
Modified ponderal index to diastolic pressure 


Modified ponderal to chest/height 

Modified ponderal index to systolic pressure 
chest 

(Linear persons only, ratio under 0.55) 

Modified ponderal index to systolic pressure 
chest 

(Lateral persons only, ratio 0.55 and over) 

Modified ponderal index to diastolic pressure 

(Linear persons only, ratio under 0.55) 

Modified ponderal index to diastolic pressure 

(Lateral persons only, ratio 0.55 and over) 

height 


i Men r = 
Women r = 
Men r = 
Women r = 
Men r = 
Women r = 
Men r = 
Women r = 
Men r = 
Women r = 

f Men r = 
\ Women r = 

f Men r = 
\ Women r = 

r Men r = 
\ Women r = 

r Men r = 
\ Women r = 


.184 =F .022 
.299 .022 

.249 =F .022 
.279 =F .022 
.160 =P .023 
.187 .023 

.221 .022 
.228 =i= .022 

.467 =F .018 
.539 .017 

.073 =?= .023 

.128 =F .026 

.016 .025 

.033 =F .037 

.149 =F .022 
.137 =F .026 

.111 =F .025 
.084 =F .036 


Body build, therefore, exerts a marked constant effect upon the 
incidence of low systolic and diastolic blood pressure. The lateral 
person has a lesser chance of having a low pressure than does the 
linear person. Obese men had less low pressure only in the linear 
type builds and even where the effect is most marked it is minimal 
compared to the effect of body build. 

The same statistical treatment was made in different age groups 
with essentially^ the same results as given for the total group. A 
study of all age groups should, if anything, yield results more favor- 
able to the obesity-hj'pertension correlation since the incidence of. 




















826 


ROBINSON, BRUCER: 


both increases with age. The obesity-hypertension correlation is 
less strong in the age groups 40-54 and 55 and over tlian in the 
25-39 group. 

Further treatment of the data with more advanced statistical 
techniques bears out the conclusions of the previous discussion 
(Table 6). 

To summarize briefly the many statistical tables which show the 
various inter-correlations between hjqiertension, obesity and body 
build Table 7 was constructed. It is apparent from a glance that 
bodj’’ build shows an almost complete triple plus or marked corre- 
lation with blood pressure in all weight groups. On the other hand, 
obesity never shows a triple plus relation to blood pressure and only 
rarely a double plus. Frequently there is no correlation or an actual 
reversal of the expected trend. 

Table 7.— A. The Relationship of Obesity to Hypertension. 


(The relative strength of expected trend with progression from light to hea\'jTi'eight 
in specific build groups. This table shows the inconstant effect of obesity on 
blood pressure.) 



Linear build 
(slender). 

1 Lincnr 
j infennediafe. 

Lateral 

intermediate. 

Lateral build 
(broad). 


Men. Women. 

1 

Men. 

Women. 

Men. Women. 

hicn. Women. 

Mean systolic pressure 

+ 

H- I 

+ 

++ 

— 

+ 

0 

— 

% low systolic pressure (under no mm.) . | 

+ 

+ 

+ 

++ 

- 

+ 

+ 

0 

% high systolic pressure (120 mm. and over) 

++ 

++ 

+ 

+ 

- 

0 

+ 

- 

Mean diastolic pressure 

+ 

0 



+ 

0 

++ 

0 

% low diastolic pressure (under 65 mm.) . 

+ 

+ 


+ 

+ 

0 


- 

% high diastolic pressure (SO and over) 

++ 

0 

++ 

++ 


+ 

+ 

- 


B. The Relationship of Body Build to Hypertension. 

(The relative strength of expected trend with progression from linear to lateral build 
in specific weight groups. This table shows the marked constant effect of body 
build on blood pressure.) 



Lightweight. 

Mediumweight. 

Heavyweight. 


Men. 

Women. 

Men. 

Women. 

Men. 

Women. 

Mean systolic pressure 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

% low systolic pressure (under 110 mm.) . . 

+++ 

+++ 

+++ 

+++ 

+ 

-1-++ . 

% high systolic pressure (120 mm. and over) . 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

Mean diastolic pressure 

+++ 

-1-++ 

+++ 

■1-++ 

+++ 

+++ 

% low diastolic pressure (under 65 mm.) . . 


+++ 


+++ 

+ 

-1-++ . 

% high diastolic pressure (80 mm. and over) . 

+++ 

+++ 

-1-++ 

+++ 

+++ 

+++ 


+ + + Marked correlation, + + good correlation, + slight correlation, 0 no cor- 
relation, — slight reverse correlation, marked reverse correlation. 
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Discussion, In a previous study we showed that obesity was 
related to hypertension. In a later publication we reported the 
correlation of body build to blood pressure as of even greater impor- 
tance than the obesity-blood pressure correlation. Further study 
showed that obesity was itself related to body build which immedi- 
ately presented the question as to which of the two factors was 
influencing blood pressure and if both, what was the extent of each. 

The fact that obesity and body build are themselves highly inter- 
correlated is of outstanding importance in any attempt to evaluate 
the relative effects of obesity and body build upon hypertension. 
Obesity is an attribute of the lateral or broad build. Conversely, 
underweight is an attribute of the linear or slender build. It should 
be emphasized that the person born into the lateral build type, the 
individual with a broad chest, can be regarded as carrying a genotypic 
affinity for obesity, although this obesity may not become manifest 
until the last half of the life span. According to this concept the 
germ plasm which transmits the build tjq)e also transmits the char- 
acteristic weight tendency for that build tjqie. Obesity, therefore, 
depends upon the lateral build, and is bound up with the sthenic 
habitus. Because of this high correlation it was necessary to sepa- 
rate the two factors; the effect of weight upon blood pressure must 
be studied within a homogenous build group and the effect of build 
upon blood pressure must be studied within a homogenous weight 
group. 

Body build is shown to exert a striking effect on blood pressure. 
When the weight factor is carefully held constant it becomes evident 
that no matter what the weight group, be it light, medium, or heavy, 
both mean systolic and mean diastolic pressures signiflcantly in- 
crease as the group broadens out into the lateral or broad build. 
The broad-chested individuals in the lateral build group have a 
higher average blood pressure, a greater incidence of hypertension 
and a lesser incidence of low pressures than do the linear or slender 
build or for that matter any other build in any weight group. This 
emphasizes the strong influence of build upon blood pressure, for 
it is evident that the greatest incidence of hypertension and the 
highest mean pressure is found in the lateral type individual regard- 
less of his weight. Thus, it follows that h;yq)ertension is part of the 
broad-chested person’s endovonent and although obesity, too, is a 
part of the same pattern it is not the influencing factor in hyper- 
tension. It is of interest to note that blood pressure is not the only 
factor influenced by build. Individuals of the linear or slender 
build are predisposed to such diseases as gastro-duodenal ulcer and 
thjTotoxicosis (with minor exceptions),” whereas individuals of 
the lateral build— relatively free from linear type diseases— are pre- 
disposed to cardiovascular disorders and to other degenerative 
processes such as are found in nephritis, diabetes, and cirrhosis of 
the liver. This association does not imply that it is the morphologic 
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factor 'per se which produces the selectivity of disease. Rather the 
build is the gross morphologic expression of a deep seated genotypic 
change of the neuro-endocrine system and the biochemical reac- 
tions of the entire body.® 

Obesity, on the other hand, does not show this consistent rela- 
tionship to hypertension. In some build groups there is no correla- 
tion to blood pressure as the weight is increased; in some build 
groups there is a reversal of the expected trend and in those groups 
where the correlation is present it is much smaller than is shown by 
that of the body build. The obese persons in the Imear group have 
a lower systolic and diastolic pressure than the underweight persons 
in the lateral group. Obesity shows the greatest correlation to hyper- 
tension in the linear or slender groups. However, it is a singular 
fact, that obesity shows no correlation to hypertension in the broad- 
chested individual (actually reversing the expected trend in some 
instances). The broad-chested individual is hypertensive in most 
instances regardless of his weight. 

We then recognize the influence of obesity on hypertension in only 
the linear groups; even here the strange fact emerges that its role is 
more clear in diastolic than in systolic pressure. Why is there a 
better relationship in the more stable diastolic pressure and a lesser 
one in the more sensitive systolic pressure where we usually find 
changes first? We cannot give an adequate explanation for this 
discrepancy. 

From this study it would seem more safe to look upon obesity as 
an additional degenerative process superimposed upon a more basic 
underlying metabolic change— hjqjertension. Obesity, of itself, 
cannot initiate hypertension nor does it bear any etiologic relation- 
ship, although it may aggravate an existing or latent hypertensive 
state. Since it affects unfavorably the body economy, obesity will 
similarly affect any disease. Reduction of weight has a favorable 
effect upon the whole body metabolism and should therefore improve 
any diseased state. Hypertension is no exception to this rule, nor 
is it the only isolated example. 

Conclusions. 1. The role of obesity in hjqjertension is here 
evaluated by separating obesity from the body build factor with 
which it is intimately bound. 

2. Obesity is found to be intimately linked to the lateral or broad 
build tjq^e; it occurs infrequently in linear or slender build men and 
women. Of broad-chested men 37 % are heavyweight, whereas only 
3% of slender men are heavyweight. 

3. Body build is shown to be closely correlated with hypertension. 
In any weight group the broad-chested individuals show the highest 
mean sy’^stolic and diastolic pressures, the greatest incidence of hy- 
pertension, and the lowest incidence of low blood pressures. 

4. When the build groups are held constant obesity shows an 
uncertain correlation with hy’^pertension. In those instances where 
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a positive correlation to blood pressure is demonstrated, it is 
strikingly less significant than the build correlations in nearly 
every instance. 

5. Obesity shows its greatest correlation to blood pressure in the 
linear or slender build groups. In the lateral or broad groups no 
correlation is noted; sometimes there is a reversal of the expected 
trend. 

6. Therefore, body build is the true genotypic factor which, 
regardless of his weight, determines in a great measure the predis- 
position of any individual to hypertension. 

7. The role of obesity in hypertension is found to be small. The 
current widely accepted role of obesity must be revaluated. 
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THE EFFECT OF LARGE DOSES OF INSULIN ON GLUCOSE 

TOLERANCE.* 

By John W. Appel, M.D., 

ASSISTANT INSTRUCTOR IN PSYCHIATRY, SCHOOL, OF MEDICINE, 
UNIVERSITY OP PENNSYLVANIA, 
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Joseph Hughes, M.D., 

DIRECTOR OF LABORATORIES, INSTITUTE OF THE PENNSYLVANIA HOSPITAL, 

PHILADELPHIA, PA. 

An opportunity to study the effects of large doses of insulin on 
individuals with normal carbohydrate metabolism was provided by 
the so-called insulin shock treatment for schizophrenia. In this 
treatment, doses of insulin ranging from 10 to 200 or more units 
are given daily for as long as 2 months to individuals in order to 
produce a state of insulin shock following each injection. The 

* Aided by a grant from the John and Mary R. Markle Foundation to the Penn- 
sylvania Hospital. 
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question arises whether such large doses do not affect the carbo- 
hydrate metabolism of the individuals to whom thej’" are given. 
Various workers/'^' have shown that the administration of 
much smaller amounts of insulin to individuals with normal carbo- 
hydrate metabolism in an effort to stimulate appetite results in a 
decreased carbohydrate tolerance. Looney and Cameron,^ Harris, 
Blalock and Horwitz,® showed the development of decreased toler- 
ance during insulin shock treatment. Freed ct al.^ found both a 
decreased and increased tolerance. 

This paper presents further data on this subject. Glucose toler- 
ance tests were performed on 27 patients undergoing insulin shock 
treatment at the Pennsjdvania Hospital for hlental Diseases. None 
of the patients had diabetes or any physical abnormalities which 
could be felt to affect carbohj’^drate metabolism with the exception 
of one with a history of alcoholism whose liver was enlarged. 

Method. The patients were given insulin at 7.30 A.sr. each day, Sundays 
excepted; at 10 a.m. to 12.00 noon, depending on the patient's condition, 
the insulin reaction was terminated by oral or intravenous glucose followed 
by breakfast. Starting with an initial dose of 10 to 20 units, this was in- 
creased daily by 10 to 20 units until “coma" was regularly produced. This 
usually occurred with doses ranging from 100 to 200 unite. This dose was 
then given daily for 5 to 10 “comas" at which time most patients had 
reached a state of hypersensitivity to insulin; the dose could be reduced 50 
to 100 units less than the original coma dose with apparently the same 
clinical reaction. The patients w'ere then carried on this reduced dose until 
the desired number of treatments had been given.'® 'The total dosage during 
the course of treatment ranged from 1040 to 7630 units. Each patient was 
in a state of hypoglycemia for 3 to 5 hours daily, with blood glucose ranging 
between 10 to 40 mg. per 100 cc. as measured by the Folin-Wu method on 
venous blood. 

The insulin reaction was terminated daily by injecting 50 or- 100 cc. of 
25% glucose intravenously. Also each patient received orally 2 gm. of 
glucose for each unit of insulin injected. 

Before treatment patients were on a house diet of C 420, P 100, F 130 
(3250 calories). During treatment patients received similar diet augmented 
by extra feedings, and glucose used to terminate treatment reaching a total 
daily intake of 5130 calories. 

Patients almost unifomaly gained weight during treatment, the average 
being 10 pounds, while gains of 20 to 34 pounds occurred in the group. 

Weekly teste revealed glycosuria in only two instances in all patients at 
any time, before, during or after the course of treatments. 

The glucose tolerance test used was that in which measurement of glucose 
in venous blood is made with the Folin-Wu method before and at intervals 
of L 1) 2 and 3 hours after the injection of 1.75 gm. of glucose per kilo of 
body weight. Treatment was omitted the day of the tolerance test. 

Eesults. Table 1 presents the data on 7 of the 27 cases studied. 
The entire data of all 27 cases studied, including those presented in 
Table 1, can be summarized as follows: 1. All curves, with the 
possible exception of curve 2, are within normal limits in that they 
return to the base line within 3 hours. 

2. The chief finding of note is the development of high curves 
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during the course of treatment. Maximum rises as high as 230 mg. 
per 100 cc. venous blood are noted. This maximum rise usually 
occurs J to 1 hour after injection of glucose. 

3. Of the 7 cases in which a control was obtained (Table 1) all 
show a rise in curves developing during administration of insulin. 
No case failed to show this rise in curves. 


Table 1. — Data on 7 Cases. 


- 


Blood sugar, grams %. 

Total 

Total 

insulin 

Weight 

Case. 

Time of tolerance test. 






No. of 
treat- 

during 






treat- 

ment 

(lbs.). 



Fast- 

ing. 

i hr. 

1 hr. 

2 hrs. 

3 hrs. 

mcnt 

days. 

units. 


Control 

.086 

.110 

.115 






1 

33 days of insulin 

.098 


.152 

.175 

IBEl 

55 

2985 

1 


1 day after insulin I^ 

.099 

.120 

• . * 


EEI 



69 days after insulin I^ 

.099 

.150 

.162 


.087 





Control 


.130 

.090 


.115 





20 days of insulin 

.102 

.196 

.188 

.123 

niii:i 

25 

1040 

12 


1 day after insulin I^ 

.087 

.155 

.101 


.077 


60 days after insulin I^ 


.125 

.070 







Control 

El 

.130 

.126 

.090 

.061 





22 days of insulin 

El 

.187 

.197 

.205 

.101 





35 days 

El 

.210 

.185 

.140 

.079 

46 

5175 

8 


1 day after insulin IJ 


.179 

.207 

.094 

.055 


15 days after insulin 

.094 

.185 

.164 

.091 






36 days after insulin h 

.075 

.155 

.178 

.105 






Control 

K s 1 

.127 


.085 

.097 





23 days of insulin 

KHi 

.145 


.116 

.100 




A 

43 days 

RS i ll 

.180 

.180 

.085 

.111 

48 

4085 

20 


1 day after insulin 1} 


.168 

.153 

.095 

.059 


14 days after insulin I^ 

R: ll 

.180 

.162 

.086 

.074 





70 days after insulin h 

BQ 

.142 

.105 

.104 

.060 





Control 

.085 

.148 

.114 


.111 





24 days of insulin 

.085 

.171 

.166 

KKa 





5 

44 days of insulin 

.090 


.144 

Bul 

R R 

49 

0985 

20 


1 day after insulin E 

.069 

.124 

.147 

.084 

R R 





14 days after insulin IJ 

.092 

.160 

.161 

.105 

iHS 





Control 

.087 

.116 

.130 


RBI 




6 

26 days of insulin 

.115 

.168 

.117 

.137 

Bnm 

43 

4240 



2 days after insulin I^ 


.178 

.155 


IQ 





Control 


.106 


.092 

.066 





13 days of insulin 

Riwj 

.116 

.129 

.090 

.061 

40 

4395 

18 

7 

29 days of insulin 


.155 


.103 

.060 


4 days after insulin I^ 


.123 


.084 

.064 





4. Of the 1 1 cases in which it was possible to obtain determina- 
tions, all but 2 show a fall in curves in the period following 
cessation of insulin administration. This fall does not begin in the 
2 weeks immediately following cessation of insulin administration 
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(Cases 3, 4, 5), but is apparent thereafter and has dropped to pre^ 
insulin levels by 2 to 3 months in the majority of cases. 


BEFORE DURING INSULIN AFTER INSULIN 



20 DATS 


K L. 

I 60 


TOTAL insulin- lOAO U. 
NO. TREATMENTS-2S 
WEIGHT GAIN- 12 LB. 
CASE 2 


220 

gw 

ZlOO 

Si 60 

I 

^220 

WO 

NO 

too 

60 






TOTAL INSULIN-SITS U 
NO. TREATMENTS-AB 
WEIGHT GAIN- 8 LB. 
CASE 3 


TOTAL INSULIN - 208S U 
NO TREATMENTS- 48 
WEIGHT GAIN- 20 LB. 
CASE 4 


23 43 / 14 70 


Chart L — Three cases illustrating changes in glucose tolerance accompanying a 

course of insulin. 


5. No curves definitely characteristic of increased carbohydrate 
tolerance are observed. 

6. No correlation between the height to which the curves rise 
and the total dosage of insulin or weight gain during treatment is 


BEFORE DURING INSULIN 




Chart 2. — A composite chart of all glucose tolerance curves taken in this study 
before, during and after insulin. 


apparent. Similarly the degree of sensitivity to insulin developed, 
the number of comas attained seem to bear no relationship. 
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Chart 1 presents 3 cases (Cases 2, 3, 4) illustrating the rise in the 
curves during insulin treatment and the gradual fall during the 
period following treatment. 

Chart 2 is a compendium of all the curves taken in the study. 

Discussion. The finding of high curves indicating decreased glu- 
cose tolerance following large daily doses of insulin is in agreement 
with the findings of Looney and Cameron'^ and Harris, Blalock and 
Horwitz.® Because of the many factors which influence a glucose 
tolerance test it is not possible, in the absence of direct experimental 
evidence, to throw any light on the underlying mechanism behind 
our results. One possible explanation is that the normal secretion 
of insulin by the pancreas is inhibited by the large amounts of insulin 
administered to these patients so that the secretion of insulin by the 
body is temporarily reduced, thereby giving a high glucose tolerance 
curve. After the cessation of insulin administration the pancreas 
resumes its normal insulin secretion and the glucose tolerance curve 
falls to normal levels. It is recognized this explanation is hypotheti- 
cal; however, in support of it, is the fact^ that fasting and low carbo- 
hydrate diets produce a rise in the glucose tolerance curve. Con- 
versely high carbohydrate diets result in an augmentation of the 
utilization of glucose which suggests that the ability of the pancreas 
to secrete insulin varies with the demand made upon it. McJunkin 
and Roberts® have shown that injections of insulin inhibit mitotic 
activity of the pancreatic islet cells in young rats. 

Cori and Cori^ have shown that insulin increases the rate of 
absorption of glucose from the intestinal tract of rats. This oft’ers 
another explanation of our findings in that an increased rate of 
absorption of glucose from the intestinal tract theoretically may 
cause an elevated tolerance curve. 

Summary. Insulin given over periods as long as 2 months in 
daily doses large enough to produce coma in patients with normal 
carbohydrate metabolism results in elevation of glucose tolerance 
curve. This disappears 2 to 3 months after cessation of insulin 
administration. 
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THE EFFECT OF ADDED CARBOHYDRATE UPON STABILIZED 
INSULIN-TREATED DIABETICS. 

By ]\Iaximilian Fabrykant, M.D., 

ASSISTANT ATTENDING PHYSICIAN AT THE ClilNICS OF THE ‘UNIVERSITY OF PARIS, 

FRANCE, 

AND 

Herbert J. Wiener, M.D., 

ASSISTANT ATTENDING PHYSICIAN TO THE POST-GRADUATE HOSPITAL, 

NEW YORK CITY. 

Previously to tlie introduction of insulin it was generally main- 
tained that the treatment of diabetes should be inaugurated by a 
regime of undernutrition with low carbohydrate intake. Today 
this plan is still utilized in certain cases. RTen the urine becomes 
sugar-free the carbohydrate is slowly increased by from 10 to 25 gm. 
every 3 to 10 days or even daily. The effect of the diet is judged 
according to the presence or absence of urinarj- sugar, and if sugar 
reappears in the urine, showing lack of carbohj-drate utilization, 
the carbohydrate is either further reduced or the administration of 
insulin is begun. Adjustments of diet and insulin are subsequently 
made in order to maintain the carbohydrate intake at about 100 gm. 
daily. Other writers approve of a much higher ration of carbohy- 
drate with proportionate increase in insulin dosage, the aim being 
to control the glycosuria by larger doses of insulin instead of by a 
reduction in dietary carbohydrate. 

The substitution of prozinsulin for regular insulin has required 
certain modifications. Patients on prozinsulin who have become 
sugar-free are more apt to have insulin reactions, and to avoid 
this it has become usual to prescribe excess carbohydrate to act 
as a buffer against these reactions, but which in turn is apt to cause 
a varying degree of glycosuria. Some authors state that with proz- 
insulin considerable glj^cosuria should be permitted, ' in fact they 
consider its presence desirable as a protection against reactions, 
though there is some difference of opinion as to the degree of glyco- 
suria permissible. 

We have briefly reviewed the more recent practice in tlie treatment 
of diabetes in order to emphasize the fact that when an adequate 
amount of carbohydrate is prescribed, in all except very mild cases, 
either larger doses of regular insulin are needed, or, with prozinsulin 
hjqierglycemia and glj'^cosuria are usuallj'^ present at intervals. 

The insulin-shock treatment of psychopathic cases has demon- 
strated that repeated large doses of insulin may have deleterious, 
effects upon the central nervous system, and, on the other hand, 
the marked hyperglycemia and glycosuria in cases treated with proz- 
insulin (because of the required excess of carbohydrate in the diet), 
may be harmful in the long run. The ultimate effect upon the 
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diabetes of prozinsulin treatment Avitli its attendant hyperglycemia 
and glycosuria cannot as yet be definitely stated. 

For these reasons it seemed desirable to examine into the pos- 
sibility that diabetics might be enabled to metabolize an amount 
of carbohydrate in excess of that allotted according to the usual 
criteria. 

In glucose tolerance tests the blood sugar curve is usually reported, 
but often there is no report as to the amount of sugar excreted 
during the test-period and no discyssion could be found in the 
literature as to the late effect, for two or more succeeding days, 
upon the carbohydrate balanee. 

The purpose of this investigation was to determine whether 
certain diabetics could metabolize added carbohydrate without 
increasing their insulin dosage, if the carbohydrate were given ac- 
cording to a certain schedule. 

Method. We have studied 9 diabetics. The first 2 (Table 1) were under 
daily observation for several weeks. The remaining 7 had the test applied 
only once and will be discussed as a separate group. The first 2, males, had 
a moderately severe diabetes and had required during weeks or months 
preceding the test fairly constant amounts of insulin upon a diet up to the 
limit of their carbohj'^drate tolerance. 

During the day prior to the test they received their usual diet and on the 
test day, fasting in the morning, 100 gm. of carbohydrate (glucose or pota- 
toes) were given; 3 to 4 hours later their usual breakfast was taken com- 
bined mth lunch, and then their usual regime was resumed. _ Insulin 
was omitted the day prior to the test if the patient’s usual injection-time 
had been in the evening, and in some experiments the patient remained 
without insuhn for 48 hours preceding the test. On the test day the usual 
insulin dosage was given at either lunch or supper time, and in certain 
instances, as Avill appear in the tables, insulin was omitted on the day of the 
test. 

The urine sugar was quantitated: 1, For the 24-hour period previous to 
the glucose test; 2, in the urine fractions obtained during the 3 or 4-hour 
period of the performance of the test; 3, in the urine collected from the end 
of the test until next morning and subsequently; 4, in the 24-hour periods 
during the 2 following days. 

Estimations of the blood sugar were made to serve as controls. 

The results in these 2 cases as well as in the remaining 7 appear 
to us to indicate a hitherto unrecognized aid in therapjL Table 1 
shows that certain diabetics for whose treatment administration 
of insulin had previously been shown to be obligatory, are able to 
metabolize almost completely 100 gm. of glucose given fasting in 
the morning. 

Patient K. T. excreted only 7 gm. of sugar on the day of the test, 
July 13th, as compared to 22 gm. on the preceding day. On July 
24th the test was repeated, again with 100 gm. of glucose in 200 cc. 
of water, and only 13.5 gm. were excreted in the 24-hour urine for 
that day, although no insulin was taken. During the intervening 
period he had been on his usual regime as to diet and insulin. A 
similar result was obtained on August 7th despite the fact that 
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insulin had been omitted on the preceding day and his carbohydrate 
intake on the day of the test had been increased to 360 gm. In 
patient M. S. similar results were obtained on July 25th, although 
the additional 100 gm. of glucose were given 36 hours after his last 
dose of insulin. 

Table 1. — Infleence of One Additional Dose of Glucose, 100 on 60 Gm., 
Upon the CAnnoHYDnATE Balance. 



Blood 





s 



Date, 

sugar, 
mg. per 

Vol, 


Sugar. 


Diet, 

gm. 

Insulin, 

P.Z. 

COH 

metab- 




1939. 

Time. 100 cc. 

CC. 

%. 

Gm. Gm, 24 hrs. 

COH. 

units. 

olized. 

Mr. K. T., aged 61, duration of diabetes 3 jts.; 30 units insulin given in tlie morning before breakfast daily. 

July 









12-13 

Sa.m.-S a.m. 

2500 

0.9 

22.5 

22.5 

100 

30 

137.5 

13 

10.25 A.M. 

(fasting) 83 

135 

0.0 

0,0 






10.30 A.M. Given 100 gm. glucose in 250 cc. water 






11 A.M. 250 

26 

0.0 

0.0 


100 




11.30 A.M. 272 

36 

0.1 

0.2 






12.30 P.M. 278 

105 

3.3 

3.1 






1.30 P.M. 200 

00 

2.3 

1.5 (30 

PZI and 

breakfast 

with lunch) 

13-14 

1.30 P.M.-S A.M. 

2000 

0.1 

• 2.0 

7.0 

100 

30 

253.0 

14-15 

... . . 

1200 

0.1 

1,2 

1,2 

100 

30 

1.50.0 

15-10 

• . . . . 


No specimen saved 


ICO 

30 


16-17 

... . . 

1000 

0.0 

0.0 

0.0 

160 

30 

100.0 

17 

10.10 A.M. 

(fasting) 00 

80 

0.0 

0.0 






10.15 A.si. Given 50 gra. glucose in 250 cc. water 


SO 




10.45 A.M. 180 

33 

0.0 

0.0 






11.15 A.M. 205 

25 

1.0 

0.4 






12.15 p.M. 173 

135 

0.1 

0.1 






1.15 p.M. 150 

82 

0.0 

0.0 (30 PZI and 

breakfast with lunch) 

17-18 

1.30 P.M.-S A.M. 

1420 

0.0 

0.0 

0.5 

100 

30 

209.5 

18-19 

... . . 

2000 

0.0 

0.0 

0.0 

100 

30 

160.0 

19-20 


1350 

0.0 

0.0 

0.0 

100 

30 

160.0 

23-24 


2500 

0.0 


0.0 ■ 

100 

30 

160.0 

24 

7.30 A.M. (fasting). The patient was given 100 gm. glucose in 250 cc. water. At 12.15 p.M. 


combined breakfast and lunch. 

Supper as usual. 




24-25 

» ♦ • . . 

2250 

0.6 


13.5 

200 

0 

246.5 

25-26 


2000 

.0.6 


12.0 

ICO 

30 

148.0 

26-27 


2500 

0.0 


0.0 

100 

30 

IGO.O 

Aug. 6 






200 

0 

200.0 

6-7 


lioo 

0.0 


Jo 




7 

7.30 A.M. (fasting). 100 gm. glucose (48 hrs. after insulin.) 

At 12.15 p.M. insulin and breakfast 


with lunch. 

Supper 

as usual. 






7-8 

» • • » « 

960 

1.2 


11.5 

360 

30 

348.5 

8-9 


2000 

0.0 


0.0 

260 

30 

260.0 

9-10 


1680 

0.0 


0.0 

260 

30 

260.0 

Mr. M. S., aged 59, duration of diabetes 16 yrs.; 

20 units insulin given at 0 p.M. daily. I^st injection before test. 


July 23. 








July 









24-25 

8 A.M.-S A.M. 

2000 

0.0 

0.0 

0.0 

145 

0 

145.0 

25 

10.10 A.M. 









(fasting) 112 









10.15 A.M. 100 gm. glucose in 250 cc. water 



100 




10.45 A.M. 188 

57 

0.0 

0.0 






11.15 A.M. 234 

36 

0.1 







12.15 P.M. 316 

42 

1.7 

0,7 






1.15 P.M. 345 

87 

2.5 

2.2 


Breakfast with lunch 

25-26 

1.15 P.M.-S A.M. 

1500 

0.2 

2.5 

'&A 

145 

20 

239.5 

26-27 

, » » • • 

2000 

0.1 

1.0 

1.0 

145 

20 

144.0 ' 

27-28 

, » . . > 

2000 

0.0 

0.0 

0.0 

145 

20 

145.0 


The glucose tolerance test performed in patient K. T. on July 17th 
shows that when 50 gm. instead of 100 gm. of glucose were given in 
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the same amount of water the percentage of glucose retained was 
practically the same, hence the amount retained is not dependent 
upon the concentration of the sugar taken, under the conditions of 
the test. 

Moreover, this carbohydrate retention was effected despite the 
fact that both patients had shown typically diabetic blood sugar 
curves. 

Having observed their reaction to pure glucose, we then repeated 
the tests with 100 gm. of carbohydrate in the form of 500 gm. of 
potatoes, and as shown in Table 2 the results were quite similar 
as when glucose as such was given. 


Table 2. — Influence of One Additional Dose of 500 Gm. Potatoes Upon the 

Cakbohydrate Balance. 


Urine. 



Blood 




S 





sugar, 



Sugar. 


Diet, 

Insulin, 

COH 

Date. 

mg. per 

Vol., 


— ■ 

» 

gm. 

P.Z. 

metab- 

1939. 

Time. 100 cc. 

cc. 

%. 

Gm. 

Gm. 24 hrs. 

COH. 

units. 

olized. 

Mr. K. T.» 








July 









19-20 

8 A.lt.-S A.U. 

1350 

0.0 

0.0 

0.0 

160 

30 

160.0 

20 

9.30 A.M. 









(fasting) 77.3 

63 

0.0 

0.0 






9.45 A.M. to 









9.50 A.M. Ingestion of 500 gm. potatoes and 250 cc. water 

100 




10.20 a.m. 225.4 

31 

0.0 

0.0 






10.50 a.m. 280.2 

30 

1.6 

0.5 






11.50 a.m. 204.0 

68 

1.5 

1.0 


At 2 

P.M. 30 

P7J and 


12.50 p.m. 138.8 

55 

0.53 

o:3 


breakfast with lunch 


1.50 P.M. 98.7 

47 

0.0 

0.0 





20-21 

1.50 P.M.-8 A.M. . . 

3000 

0.1 

3.0 

5.0 

160 

30 

255.0 

21-22 


2500 

0.44 


11.0 

160 

30 

149.0 

22-23 

. • • • . 

2000 

0.0 

0.0 

0.0 

160 

30 

160.0 

23-24 

... 

2500 

0.0 

0.0 

0.0 

160 

30 

100.0 

Mr. M. 

s.* 








July 28 

Diet as usual, no insulin. 








28-29 


1500 

0.1 






29 

7.30 A.M. The patient was given 500 gm. potatoes with 250 cc. water. 

100 




8 A.M. 

32 

0.1 







8.30 A.M. 

45 

0.4 

0.2 






9.30 A.M. 

46 

1.7 

0.8 


Breakfast at 

11 A.M., 


10.30 A.M. 

60 

1.2 

0.7 


lunch at 1 p.m., supper 


11.30 A.M. 

83 

0.1 

0.1 


at 6 P.M. Insulin in the 


1 P.M. 

51 

0.3 

0.2 


CYcning 



6 P.M. 

330 

0.2 

0.6 






9 P.M. 

197 

0.2 

0.4 





29-30 

9 P.M.-7.30 A.M. . . 

1000- 

0.0 

0.0 

3.0 

145 

20 

242.0 

30-31 


2200 

0.0 

0.0 

0.0 

145 

20 

145.0 

31- 









Aiig. 1 


1400 

0.3 


4.2 

145 

0 

141.0 

1 

7.30 A.M. 500 gm. potatoes with 250 cc. water. 

Diet and insulin as on July 29. 


1-2 


1920 

0.56 


10.8 

245 

20 

239.0 

2 No insulin. Diet as usual. 








2-3 


1440 

0.4 


5.8 

145 

0 

139.0 


* Same patient as in Table 1 . 


These patients were under daily observation for periods of 28 and 
15 days respectively. In addition to their ability to retain the 
extra sugar on each test day, their carbohydrate tolerance had been 
considerably raised by the end of the period, apparently under 
the influence of the additional carbohydrate in their daily diets 
(Table 3). . 
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2250 
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0 

20 

20 

20 

20 

20 
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usual, uo 
0.4 
0.7 
0.3 
0.7 
0.4 

insulin 

5.8 

10. 0 

5.8 
10. 0 
7.7 
2.0 
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245'1 

2451' 

245if 

245t 

2451 

235 

239 

235 
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243 

0.1 
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in all and the amount of dextrose they excreted in 24 hours amounted 
to from 8 to 46 gm. 


Table 4. — Influence op One Additional Dose of 50 Gm. Glucose Upon the 
Cabbohydhate Balance in 7 Patients. 


Case No.; 

1. 

2. 

3.t 

4. 

5.*t 

6.tt 

7.* 

24 hrs. urine before the test .... 

10 

16.0 

14.0 

8.0 

21 

29.0 

46.0 

First day. First 4 hrs. after glucose 

2 

1.8 

2.5 

2.5 

4 

3.0 

5.0 

First day. Remaining 20 hrs. 

0 

2.0 

0.0 

1.0 

1 

1.7 

4.0 

Second day 

0 

0.5 

0.0 

8.0 

1 

1.0 

5.0 

Third day 

0 

0.0 

0.0 

0.0 

0 

0.0 

0.0 

Total 3 day excretion after glucose . 

2 

4.3 

2.5 

11.5 

6 

5.7 

14.6 


* 20 units regular insulin daily, 
t 35 units regular insulin daily, 
j 2 to 3 plus reaction for acetone. 


The glucose tolerance test was performed by giving 50 gm. of 
glucose in 200 cc. of water in the morning, fasting. Four hours 
later the usual diet and insulin, if it had been given, were resumed. 
In 2 patients (Cases 1 and 3), the urine during the first 4 hours 
following the glucose contained about 2 gm. of sugar, but remained 
practically sugar-free during the remainder of the test day as well 
as on the 2 following days. The 5 other cases excreted up to almost 
10 gm. on the test day and 2 of them (Cases 4 and 7), 5 and 8 gm. 
respectively, on the second day. Hence it is obvious that they 
retained from 71% to 96% of the 50 gm. of added glucose, a sur-' 
prisingly high retention when it is remembered that in no case was 
the urine sugar-free previous to the test. 

Repeated carbohydrate tolerance tests employing glucose or 
potatoes showed that certain diabetics who seemed to be at the 
limit of their carbohydrate tolerance, can tolerate and to their 
advantage a considerable additional amount of carbohydrate 
without added insulin. 


Table 5. — Influence of Additional 50 Gm. op Glucose Upon the Ubinaby 
S uGAB IN Labile Sevebe Diabetes. 

Miss A. B., aged 32, duration of diabetes 18 yrs. 

Aug. 11, 1939, sugar-free on 70 units and 190 gm. carbohydrate. 

Aug. 12 no insulin. 

Urine. 

Sugar. 


Time. Cc. %. Gm. 

7.15 A.M 660 0.0 0.0 

7.40 A.M. 50 gm. glucose in 300 cc. water 

8.15 A.M 180 2.0 3.6 

9.00 A.M 180 6.0 10.8 

9.35 A.M 120 10.0 12.0 

10.00 A.M 90 7.0 >6.3 

11.00 A.M 270 10.0 27.0 

11.45 A.M 280 9.0 25.2 


1120 84.9 

12.35 p.M. Blood sugar 515 mg. per 100 cc. 
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A relatively small group within the total diabetic population is 
represented by those cases, usually severe, which have the juvenile, 
highly reactive form of the disease. In them the glucose tolerance 
test results in the rapid excretion of all the test glucose and often 
of additional glucose of endogenous origin as well. A case in point 
is that of Miss A. B., and her reaction to the test is shown in Table 
5. Such cases will obviously be unable to utilize additional carbo- 
hydrate unless their insulin dosage is proportionately increased. 

Conclusions. 1. We recognize the great value of the glucose 
tolerance test as usually performed. However, the e-xamination 
of the urine during the 3 days following the test appears to be even 
more useful in determining the actual carbohydrate tolerance. In 
the cases reported the usual tests would have indicated either more 
insulin or less carbohydrate, though further examinations as de- 
scribed showed that neither step was indicated. 

2. Two of our cases examined over several weeks showed sub- 
jective and objective clinical improvement. Thus it would seem 
that our procedure could be employed to advantage where more 
ca.rboh,ydrate is desirable but more insulin is contraindicated. 
A simple glucose tolerance test witliout blood sugar estimations but 
with recordings of the 24-hour urinary glucose over a period of 
several days before and after the test will indicate whether a given 
case can utilize additional carbohydrate. 

We believe that many diabetics would benefit from the procedure 
herein described. 

THE INCIDENCE OF NEUEOPATHY IN PELLAGRA. 

The Effect of Cocakboxylase Upon its Neurologic Signs.* 

By F. H. Lewy, M.D., 

FROFESSOB OF NEUROPHYSIOEOGT, PHILADELPHIA, PA., 

T. D. Spies, M.D., 

ASSOCIATE PROFESSOR OF MEPXCINE, CINCINNATI, OHIO, 

AND 

C. D. Aring, M.D., 

ASSISTANT PROFESSOR OF NBUBOLOGY, CINCINNATI, OHIO. 

(From the Department of Neurosurgery of the Hospital of the University of Penn- 
sylvania, the Nutrition Clinic of the Hillman Hospital of Birmingham, 
Alabama, and the University of Cincinnati College of Medicine.) 

The trend in modern medicine toward explaining a disease syn- 
drome on the basis of a single causative agent has led some to 
think that all sj'^mptoms of pellagrins arise from a deficiency of a 
single chemical substance, namelj’^ nicotinic acid amide. Recent 
progress in nutritional research indicates that a deprivation of 
nicotinic acid is not responsible for all the symptoms in human 
beings with pellagra. Spies and his coworkers, Jolliffe,® RuiOBn 

* This study was aided by grants from The Rockefeller Foundation, the Eli Lilly 
Company, and Anheuser-Busch, Inc. 
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and Smith, ^ Sebrell* et al. have sho\vn, however, that pellagrins have 
associated deficiency of a number of nutritional elements, ^^fiiile 
treating pellagrins with nicotinic acid they observed that the ali- 
mentary tract symptoms, skin lesions, and many of the “neur- 
asthenic” complaints were relieved, whereas there was no improve- 
ment in the pain of the calves, numbness of the extremities, weak- 
ness, difficulty in walking, dizziness, lassitude, fatigue, increase of 
sensitivity to light and noise, loss of memory, sleeplessness and 
general irritability. The administration of thiamin was followed 
by relief of many of these neuropathic signs and symptoms. Never- 
theless, many patients who improved following treatment with 
nicotinic acid and thiamin, developed lesions characteristic of 
ribofiavin deficiency. These lesions disappeared following the 
administration of adequate amounts of riboflavin. 

In order to have some idea of the incidence of neuropathy among 
pellagrins, a group of patients in the Nutrition Clinic of the Hillman 
Hospital were examined carefully by special methods. This group 
of 50 white pellagrins consisted of 30 women and 16 men between 
the ages of 18 and 66 years, and 4 children between the ages of 
8 and 13 years. The mean age of the adults was 41.1 12.6 years.* 

Although they had been treated with nicotinic acid and riboflavin 
with considerable success, they had continued to eat a grossly 
inadequate diet and were chronically malnourished. 

The 50 patients were grouped arbitrarily according to the severity 
of their pellagra: Group I (mild), 16 patients; Group H (moder- 
ately severe), 23 patients; Group HI (severe), 10 patients. The 
remaining patient was so severely ill that he was not included in any 
of the above, groups. Thus, more than three-quarters of all the 
patients were regarded as mild or moderately severe cases. The 
preponderance of such cases is explained by the fact that only 
ambulatory patients, many of whom lived distances up to one 
hundred miles from the clinic, were examined. 

Neurologic Signs and Symptoms. The incidence and tjqie of 
pathologic findings encountered in the neurologic examinations 
are shown in Chart 1. Signs pointing to disease of the peripheral 
nerves were prevalent, although the cranial nerves and central 
nervous system were involved occasionally. 

In Groups I and H, practically three-quarters of the patients had 
tenderness of nerve trunks and abnormal electrical irritabilitj’^ of the 
motor nerves. About one-third showed a decrease of pain sensi- 
tivity and of pupillary reflexes, as well as ataxia. Less than one-fifth 
had decreased corneal reflexes, diminished muscle power, some dim- 
inution of touch sensation, pyramidal signs, nystagmus, deviation 
of the tongue, extrapyramidal signs or Romberg’s signs, in descend- 
ing order of frequency. 

* The first figure of the sjunbol expressed in this manner indicates in this paper 
always the mean, the second figure the standard deviation from the mean. 
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The 10 severe cases in Group III and the 1 very severe case 
each showed abnormal electrical irritability of the motor nerves. 
Three-quarters of these patients had tenderness of nerve trunks 
and decreased pain sensation. Approximately two-thirds had ataxia, 
while absent or decreased tendon reflexes were found in about two- 
fifths of the cases. About one-third had tremor, decrease in motor 
power, deviation of the tongue, and decreased corneal reflexes. 
Approximately one-quarter showed a positive Romberg test and 
one-fifth pyramidal signs. 


Romberg sign 
Tremor 

Pyramidal signs 
Deviation of tongue 
Nystagmus 
Extrapyramidal signs 
Loss of power in arms or legs 
Decrease of corneal reflexes 
Ataxia 

Decrease of tendon reflexes 
Decrease of pupillary reflexes 
Decrease of touch sensation 
Decrease of pain sensation 
Abnormal electric irritability 
Tenderness of nerve trunks 





Chart 1. — Frequency histiogram of nervous disturbances expressed in percentages 
of examination of 50 pellagrins. 


Decreased pupillary and corneal reflexes, and absent or decreased 
tendon reflexes, as well as tenderness of nerve trunks, were found 
with about the same frequency in the group of the mild cases as in 
the severe cases. Partial loss of motor power, decrease of pain 
sensation, or evidence of pyramidal dysfunction were signs that 
were twice as common in the severe group. Nystagmus, decrease 
of touch sensation and extrapyramidal signs were found three 
times as often in the severe group. Ataxia was four times, tremor 
seven times, and Romberg’s sign ten times more frequent in the 
group of severe cases, than in the less severe groups. 

In 2 persons who complained of black spots before the eyes, para- 
central scotomas could be demonstrated in the visual fields between 
6° and 10°. 

In the majority of the patients the pupils were wide, being between 
6 and 8 mm. in diameter. Mild differences in the size of the two 
pupils and irregularities of outline were not uncommon findings. 
The light reflexes were definitely impaired. Measurements of this 
reaction were made with the Hess-Zeiss pupilloscope.^ The mean 
difference of intensity of light required to elicit pupillarj’’ contrac- 
tions in these patients was 9.4 ± 4.1 %, whereas it was 4.4 0.8 in 



LEWY, SPIES, ARING: NEUROPATHY IN PELLAGRA 843 

a control group. The amount of increase in light intensity necessarj^ 
before the recognition of the change was visually noted was 8.1% in 
the pellagra group, in contrast to 5% in the control group. 

The corneal reflex was elicited in the group of pellagrins by a 
graded jet of air of 0.77 ± 0.41 mg./mm^, compared with 0.42 ± 
0.19 normally required. The subjective sensitivity of the cornea, 
examined by graded hairs, was found to be 2.15 =*= 0.48 gm./nim". 
in the average of 20 pellagrins, in contrast to 1.2 0.2 found in a 

large number of controls of middle age. 

A highly significant association* was found between the decrease of 
the pupillary reflex and abnormal electrical irritability of the periph- 
eral nerves, and also between the decrease of corneal sensitivity 
and the decrease of pain sensitivity in the extremities. The former 
observation suggests that the disturbance of the pupillary reflex 
may be due to involvement of the motor side of the arc, the oculo- 
motor nerve. The statistical relationship between the reduction 
of the corneal reflex and the decrease in the appreciation of pain in 
the extremities is interesting because of the fact that the sensory 
nerve endings in the cornea are essentially of the pain type. 

In these pellagrins involvement of the peripheral nerves of the 
extremities was the commonest neurologic affection. The sensory 
and motor branches were diseased to approximately the same degree. 
The nerve trunks most frequently tender to pressure were the radial, 
ulnar, occipital, supraorbital and infraorbital nerves. In about 
one-half of the 50 pellagrins the muscles, especially those of the 
calves, were tender to deep pressure, and most of the patients 
complained spontaneously of soreness or pain in these muscles. 

Hypalgesia and hypesthesia were usually of the glove and stocking 
type. A mean pressure of about 16 gm. (less than 1 gm. is required 
in the normal individual) had to be applied to a pin to elicit a 
“sharp” sensation in these pellagrins. In some of the patients a 
pressure of 40 gm. was not appreciated as sharp. Sometimes the 
hypalgesia was more marked in the skin distribution of one neiA^e, 
particularly the peroneal nerve. The mean pressure necessary to 
elicit a “touch” sensation in those showing diminution of this 
modality was 11 gm./mm.^ (normally 1 gm.). Despite this finding, 
numbness in the legs and arms was a complaint in only a small 
number of patients. The appreciation of vibration was diminished 
in some instances, the appreciation of passive changes of position 
of the fingers and toes was alwaj’^s normal. 

* The probability that a significant relationship e.vists between the occurrence of 
the two signs or symptoms in the whole group e.xamined is estimated statistically by 
the chi square test. If the probability that the result is produced by chance is 5% 
or less, the result is taken to be “significant”; if 1% or less, to be “highly significant.” 

The question whether the change in the pupillary reflexes observed in some of the 
patients after cocarboxylase treatment (see later) represents a significant improve- 
ment or is due to chance was examined by the “t-test.” This test expresses the 
quotient of the difference between the mean of the pupillary reflexes of various patients 
before and after treatment, divdded by its standard error.= 
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Ataxia and “past-pointing” in the finger-to-nose and the heel-to- 
knee tests appeared to be significantly associated with involvement 
of the motor nerves and not with loss of sensitivity. A positive 
Romberg sign could not be associated statistically with a disturbance 
in the peripheral nerves, but appeared to be of central origin. The 
same was true of tremor of head and arms at rest. 

The strength-duration curves of three muscle groups were ex- 
amined in all patients, namely, the common finger extensor, the 
superficial finger flexor, and the long peroneal muscle. At least 
one of these muscles gave pathologic reactions in 71% of these 
patients. The peroneal muscle group was most frequently involved 
(81%), with the finger flexor next (68.5%), and the finger extensors 
last (30.4%). The majority of the patients showed a mild degree 
of underexcitability, a small number showed severe underexcitability, 
with spontaneous fasciculation and reversal of the polar formula; 
a few patients showed overexcitability. The figures for the peroneal 
group in terms of chronaxy were 105 29.5 volts, 1.09 0.49 msec., 

against a normal inean of 105 ^ 7.5 volts, 0.3 =*= 0.05 msec.; in terms 
of microcoulombs 90 ^ 10.2 against a normal mean of 20.1 =*= O.6.* 

There have been criticisms of the theory of chronaximetric mea- 
surement which need not be considered here. The important point 
for work of this kind is whether or not there is a relationship between 
electrical irritability of the nerve-muscle apparatus and degree of 
neuropathy as determined by neurologic examination, and whether 
or not the strength-duration curve returns to its normal slope as 
therapy restores the nerve function.® 

Five out of 50 persons showed a mild Parkinsonism. None of 
these patients had a history of encephalitis. Bean and Spies have 
given intravenously 50 mg. synthetic vitamin Be to 10 more cases of 
Parkinsonism of at least 4 years’ duration. In a few minutes the 
symptoms disappeared in 2 cases and greatly decreased in 3 others. 
No improvement occurred in 5. 

The Effect of Cocarboxylase on the Neurologic Signs of Pellagrins. 
The possibility of neurologic, psychiatric and biochemical studies 
provided a propitious opportunity for condueting a therapeutic 
test on a limited number of pellagrins. The results of the neuro- 
logic studies are recorded here and correlated with the chemical 
findings, but the detail accounts of the psychiatric and chemical 
results will be reported separately.®-^ 

Nine pellagrins Avho, in previous months, had been treated with 
nicotinic acid continued to have symptoms related to the peripheral 
nerves. Some of these patients showed, in addition, signs of central 
nervous system involvement. These selected patients were exam- 
ined neurologically, psychiatrically and chemically several times 

* Microcoulomb is the product of the voltage times microfarads or time in milli- 
seconds. For technical reasons the actual figures are given as the square root of 
microcoulombs (-v/aC) , The normal values for the various muscle groups are given 
in the heading of Table 1. 
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before and after the intravenous injection of 50 mg. and more of 
synthetic cocarboxylase (the phosphorulated ester of thiamin).* 
Seven of these 9 persons showed a dramatic improvement following 
the cocarboxylase injection. 

Observations. The motor 'pupillary reflex showed a significant 
improvement after the injection of cocarboxylase in 3 of 9 persons. 
The light difference could be reduced, e. g., from 9.2% before, to 
4.4% after treatment. In 4 persons the reflex was normal, and in 
1 it was decreased before, and did not recover after cocarboxylase. 
The visual light intensity discrimination which was decreased in 
3 persons returned to normal, that is from 6.3% to 2.9%, in 2 persons 
following treatment. 

The corneal reflex which had been decreased in 3 patients improved 
by about 64% (from 1.21 to 0.54 mg./mm.^— normally 0.42) in 1. 
In 2 persons the corneal reflex remained unchanged following treat- 
ment. The subjective sensitivity of the cornea did not change to 
a significant degree. 

A paracentral scotoma present in 1 patient disappeared within 
6 hours after a single treatment but returned 12 hours later. 

Nystagmus present in 4 persons disappeared in 1. The strength 
of the grip increased in 2 persons. The tendon reflexes improved 
moderately in 1 of the 3 persons who had decreased tendon reflexes. 
Ataxia improved or disappeared in 3 of 4 cases so affected. Tender- 
ness of the nerve trunks improved in 4 of the 6 cases in which tender- 
ness was present. Touch and pain sensitivity improved in 5 of the 
6 cases thus affected, in some instances becoming normal. 

The electrical excitability changed from underexcitability or over- 
irritability to normal in one or more of the muscles tested in all 
but 1 patient. In several instances it progressed from under- 
excitability to overirritability, and then relapsed to its previous 
state of underexcitability after some days. 

Table 1 may serve as an example of these observations. 

In this person a single intravenous injection of 50 mg. of cocarbox- 
ylase was followed within 1 hour by return to normal of the electrical 
muscle reaction. The improvement went on to overexcitability in the 
flexor for 4 days. At the same time clinical neurologic symptoms and 
signs as well as psychoneurotic complaints and blood chemistry- 
bisulphite binding substances (BBS), including pyruvates,^^ and the 
arterio-venous oxj'^gen difference— improved or returned to normal. 

On the fifth day after the injection, the peroneal muscles relapsed 
and became underexcitable, and subjective and objective signs 
of neuropathy again became manifest. 

The striking feature in this group of patients was the rapidity 
with which improvement followed the administration of cocarbox- 
ylase at intervals of from 1 to 4 hours, the parallelism between the 


* Furnished through the courtesy of Merck & Co., Rahway, N. J. 
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clinical and chemical findings, and the relapse a 'number of days 
after the injection. 

Studies with Riboflavin and Vitamin Be- The intravenous injec- 
tion of 100 mg. of riboflavin in 2 persons with neurologic signs and 
sj^mptoms similar to those of the patient described above, effected 
no demonstrable change in the neurologic picture. 

The intravenous injection of 100 mg. of vitamin Be in 4 pellagrins 
not treated previously with thiamin or riboflavin was followed in 
2 by an increase in severity of the pathologic signs of peripheral 
and central nervous system for the duration of 2 days. The electrical 
excitability showed a tendency to become increasingly abnormal. 
The oxygen consumption of the brain measured by arterio-venous 
oxjfgen difference decreased after the administration of vitamin Be. 
Some patients became sleepy and drowsy. 

Discussion, The discrepancy between the well-known exper- 
iment in which the paralyzed, vitamin Bi-deficient pigeon recovers 
almost immediately after an injection of thiamin, and the expe- 
rience that thiamin deficiency is followed by the degenerative process 
of neuropathy (neuritis) has been the subject of some discussion 
in the literature. Our study demonstrates that the underexcitable 
nerve-muscle apparatus may be restored to normal excitability 
within from 1 to 4 hours after a single injection of 50 mg. cocarbox- 
ylase. This finding indicates that a great number of nerve fibers were 
anatomically intact, but unable to act properly, as the result of 
altered metabolism. This deduction is corroborated by the observa- 
tion that the nerve-muscle mechanism readily returns to its improp- 
erly functioning state a few days after the improvement induced by 
cocarboxylase has occurred if the person remains on a diet deficient 
in Bi. Some of the muscles in the patients remained underexcitable 
which probably indicates that too many of their nerve fibers were 
anatomically damaged. 

Two patients failed to show the same improvement on the amount 
of cocarboxylase which improved the signs and symptoms of the 
other cases. This result may indicate that some individuals ulti- 
mately reach a stage when the changes in the nervous S3'^stem are 
not readily reversible. 

It maj’’ be Avell to indicate here that the neuropathy associated 
with the average endemic pellagrin (in the South), cannot be com- 
pared to the severe form of neuropathy which is seen in most clinics 
in association with long-standing alcoholic addiction. 

The result of the determination of thiamin excretion* in the urine 
of these patients points in the same direction. This investigation 
which was performed by Dr. L, Jonas of the Hospital of the Univer- 

* For the chemical determination of thiamin in the urine the method of Westen- 
brink and Goudsmit” was used in the modification of J. K. Cline. The Ihioclirome 
used as color standard was supplied by Merck & Co., Rahway, N. J. 
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sity of Pennsylvania, suggests that those patients who showed the 
best clinical and chemical improvement following cocarboxjdase 
administration retained most of the injected cocarboxylase, while 
those with little or no improvement excreted most of it in the urine. 

In patients who showed no improvement in electrical muscle 
irritability or clinical neurologic signs, the B.B.S. (bisulphite 
binding substance) values continued high, while they decreased 
simultaneously with electrical and clinical improvement. This 
suggests that an association exists between these two factors. 

The continuous effect of a single intravenous dose of 50 mg. of 
cocarboxylase over a period of 3 or 4 days intimates that this amount 
is sufficient not only to produce the immediate beneficial effect upon 
the nerves, but also to sustain it to a certain degree for a limited 
time. 

The clinical syndrome described in the older literature as pellagra 
is in reality a complex caused by a deficiency of various nutritional 
factors, among which the lack of vitamin Bi is important. In 
most of our patients the thiamin deficiency, despite the chronicity 
of the condition, had not yet passed the stage of disease in which the 
neuropathy could be cured by thiamin administration. 

Summary. 1. Clinical examination of 50 pellagrins revealed that 
75% had polyneuropathy of the motor and sensory nerves; 20% had 
extrapyramidal signs, of which one-half showed mild Parkinsonism; 
12.5% had tremor and pyramidal tract signs. 

2. Intravenous administration of 50 mg. or more of phosphor- 
ulated thiamin (cocarboxylase) to' 9 of these pellagrins was followed 
in 7 instances by quantitative improvement in the electrical irritabil- 
ity of a number of muscles, in the pupillary and corneal reflexes and 
in the sensitivity to touch and pinprick. These indices often became 
normal within 1 to 4 hours after injection, and improvement was 
maintained from 1 to 5 days. The patient then tended to regress and 
eventually returned to the condition preceding treatment. 

3. The clinical effect of cocarboxylase was found to be identical 
with that of thiamin (vitamin Bi) which had been studied previously. 

4. The chemical changes in the blood paralleled the clinical neuro- 
logic improvement following administration of cocarboxylase. 

5. These observations confirmed our premise that the neuropathy 
which is common among .pellagrins , is caused by a deficiency of 
vitamin Bi. 

6. Patients who retained most of the injected cocarboxylase 
improved readily, while those who were unable to retain it, showed 
little or no improvement. 

7. The administration of synthetic riboflavin was not followed by a 
change of the neurologic signs. 
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Method, Carbohydrate metabolism was studied by measuring the 
differences between oxygen/® glucose,'* and lactic acid® of the femoral arterial 
blood and that of the internal jugular vein.® The femoral arterial sample is 
similar to that going to the brain while the internal jugular vein carries 
the return circulation from that organ. The arterial and venous blood 
samples were examined before and in most instances after specific treatment 
with vitamin B,, nicotinic acid amide, riboflavin, and vitamin Be. 

Eesults. Forty-nine determinations of tire cerebral exchange of 
blood gases and utilization of sugar and lactic acid were piade on 
27 patients. In order to save space only the averages are presented. 
The results reveal a cerebral oxj^gen utilization of 6.12 =*= 0.21 vol.% 
before specific therapy and of 5.51 =*= 0.21 vol. % after specific 
treatment. The dift’erence is probably not significant. The A:V 
exchange for the entire series is 5.82 ± 0.15 vol. %. The mean 
glucose utilization is 7.6 mg. per 100 cc. No difference is observed 
in the average lactic acid content of the arterial (16.9 mg. per 100 cc.) 
and venous (16 mg. per 100 cc.) blood. The oxygen capacity is lower 
than normal both before and after therapy, and the average is 15,3 
\'ol. %, the normal being approximately 20 vol, %. 


T.\ble 1.— The Oxvgen and Suo.ar Contents of the Arterial and Venous 
Cerebral Blood Before and 3 Hours .Vfter the Injection 
OF 50 Mg. of Cocarboxylase.* 



Arterial oxygen. 

Venous 

oxygon 

content. 


Sugar. 

No. Capacity. 

Content. 

Diff. 

.Arterial. 

Venous. 

1 

13.01 

12.68 

S.Ol 

4.07 

100 

102 


13.97 

13.87 

9.15 

4.72 

SS 

78 

2 

15.95 

14.50 

10.58 

3.92 

103 

93 


15.35 

14.74 

10.09 

4.05 

101 . 

90 

3 

16.55 

10.07 

14.72 

1.35 

77 

74 


16.57 

10.62 

13.01 

2.61 

124 

118 

4 

16. S9 

10.54 

10.41 

6.13 

109 

101 


10.84 

16.23 

9.42 

0.81 

93 

96 

6 

17.87 

10.47 

9.02 

7.45 

90 

79 . 


18.14 

16.19 

11.87 

4.32 

70 

66 

6 

13.63 

13.01 

6.89 

6.12 

92 

75 


13,67 

13.32 

6.17 

7.15 

86 

77 

7 

15.39 

14.94 

11.00 

3.94 

OS 

61 


15.24 

14.49 

11.07 

3.42 

132 

127 

S 

16.93 

16.08 

11.61 

4.47 

56 

50 


16.22 

15.44 

11.55 

3.89 

68 

68 

Average 

15.77 

15.01 

10.32 

4.69 

91.1 

84.7 





(Normal 7.4) 



Vitamin 

Bx. 

Eight pellagri 

ins with 

peripheral 

neuritis 

were 


examined before and at intervals after the intravenous injection of 
50 mg. of cocarboxylase, phosphorylated Bi.f This therapy produced 
improvements in 6 of the 8 patients. The average A(V oxygen 
difference is 4.76 ± 0.46 vol. % before specific therapy and 4.'62 =i= 

* Oxygea expressed as vol. %. Sugar expressed as mg. per 100 co. 
t These are the same patients as those described clinically in the preceding paper. 
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0.38 voL % 3 hours after the medication. The average for both series 
is 4.69 ^ 0.37 vol. %. This value is low compared with an average 
A:V oxygen utilization of 6.6 ± 0.14 in a group of pellagrins free 
of complicating vitamin deficiencies. What is more, the smallest 
oxygen utilization of any patient was observed in a pellagrin with 
an additional Bi deficiency (Patient 3, Table 1) who exliibited 
A:V differences of 1.35 and 2.61 vol. % respectively before and 3 hours 
after administration of cocarboxylase. Pellagrins relatively free 
of complicating vitamin deficiencies had an average A:V oxygen 
uptake of 6.16 0.14. The administration of nicotinic acid amide, 

riboflavin, and vitamin Be in 7, 3, and 3 patients respectively 
produced no- significant change in the oxygen A:V differences of 
the brain. The average glucose utilization is 6.4 mg. per 100 cc. 

Discussion. An analysis of the data discloses that the loAvest 
oxygen utilization occurred in those pellagrins who also had beri- 
beri as indicated by the neurologic finding given in the preceding 
paper. The latter exhibited an average value of 4.69 vol. %, as 
against 5.82 vol. % for the entire group. The average oxygen con- 
sumption of pellagrins relatively free of other vitamin deficiencies 
is 6.16 vol. %. A value of 7.43 vol. % has been observed* for normal 
subjects. The difference beween the last two values, 1.27 vol. %, 
though significant by Fisher’s statistical method, is not large. This 
result, moreover, cannot be generalized because of the small number 
of pellagrins relatively free of other deficiencies. But there is a 
greater difference, 2.74 vol. %, between the normals and the pellagrins 
with complicating beriberi. Unless cerebral blood flow is simultane- 
ously determined, however, no exact estimations may be made of 
the oxj'^gen consumption of the brain. The small A:V oxygen util- 
ization observed in pellagrins with a complicating beriberi may be 
due to a more rapid blood flow, approximately a 60% increase over 
the normal. The low oxj^gen capacity of the blood (the average of 
15.77 vol. % is approximately f of the normal value) is not of 
sufficient degree to cause a more rapid blood flow. An increase 
would be necessary to accommodate for an anemia but in these 
observations the average oxygen content of the venous blood was 
10.32 vol. %, an adequate reserve. Lennox,® moreover, showed 
that under a wide variety of conditions, blood flow through the 
brain is remarkably constant. A diminution of brain metabolism 
would therefore appear more likely. Such an interpretation is in 
accordance with Peters’ observations of cerebral tissue of avita- 
minotic pigeons. 

Correlated with a diminished oxj'gen uptake is the average glucose 
utilization of 6.4 mg. per 100 cc. In patients without vitamin defici- 
encies, average values of 14.6 mg. per 100 cc.* have been observed. 
A decreased uptake of glucose is to be ex-pected in an organ with 


* Unpublished data. 
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depressed metabolism, if it obtains its energy predominantly from 
the combustion of carbohydrate. In normals and patients with 
schizophrenia^" the utilization of glucose is greater than can be 
accounted for by the oxygen uptake. In the present observation, 
however, the utilization of oxygen and glucose approach stoichio- 
metric proportions. The diminished cerebral metabolism may afford 
an explanation for the mental changes observed in these pellagrins 
with accompanying thiamin deficiency. A decline of brain metabol- 
ism has been found to produce mental changes.®*’ 

That vitamin Bi is necessary for the oxidation of a breakdown 
product of sugar, namely, pyruvic acid, has been demonstrated by 
Peters and others.® They noted a decreased oxygen usage in cerebral 
tissues excised from Bi avitaminotic animals, a decrease reversible 
in the presence of cocarboxylase.* Such a reversal did not occur 
in the present experiments. This may be due to lack of time for 
restitution. In all cases the second blood samples were drawn only 
3 hours after the injection of cocarboxjdase. In one instance (Pa- 
tient 3, Table 1), however, a third pair of samples collected 1 week 
later did disclose an increased cerebral metabolism. 

It must also be remembered that the vitamins are closely inter- 
related in the oxidative processes. In our polyavitaminotic patients 
the replacement of only one of the missing essentials in this sub- 
group could not be expected to restore function of the enzyme system. 
Finally the low cerebral oxygen uptake may be caused by some other 
deficiency accompanying a lack of Bi. In any case tliis low o.xygen 
consumption demonstrates a central component of this disease, 
and may afford an explanation for the mental changes. No utiliza- 
tion of lactic acid was noted, which is in accordance with previous 
observations in vivo.^^ 

Summary and Conclusions. Forty-nine observations were made in 
27 polyavitaminotic patients whose most outstanding deficiency 
disease was pellagra. Samples of blood entering and leaving the 
brain were examined for oxygen, sugar, and lactic acid. The average 
A:Y differences for oxygen are 5.82 vol. % in this group, compared 
to 7.43 vol. % in normal subjects. For glucose, the average A;V 
difference was 7.6 mg. per 100 cc., compared to 14.6 mg. per 100 cc. 
in normal subjects. No difference is observed in the average lactic 
acid contents between arterial and venous blood. 

A group of 7 pellagrins presenting a clinical picture relatively 
uncomplicated by other deficiency diseases revealed an oxj’^gen 
A:V difference of 6.16 vol. %, somewhat lower than the normal. 

However, in 8 individuals who had pellagra complicated by beri- 
beri, a more marked depression of the oxj^gen A:V difference was 
observed with an average value of 4.69 vol. %. This difference may 
be caused either by a blood flow increased 60% over the normal or 
by a diminished cerebral metabolism. The latter possibility is 
regarded as more likely. If cerebral metabolism is decreased in 
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pellagra complicated by beriberi, it is difficult to determine whether 
the low oxygen uptake is due to lack of one vitamin or to a poly- 
avitaminosis. However, such observations may afford a basis for 
an explanation of the mental changes of this S3mdrome. 
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POEPHYRINURIA IN PELLAGRA. 
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(From the Department of Medicine, New York University College of Medicine; and 
the Medical Service of the Psychiatric Division, Bellevue Hospital.) 

Since Ellinger and Doimi^” reported the finding of increased 
urinary porphjwin in 8 patients with pellagra, a number of reports 
have been published dealing ivith the porphyrinuria of pellagrins. 
Beckh, Ellinger and Spies^ studied the output of a chromogenic 
material which they" called ''porphyrin” in the urine of 19 patients 
having pellagra, 14 of whom were inebriates. Their findings 
indicated that the “porphyrin”* output was approximately" related 
to the severity of the skin and mucous membrane lesions, and that 
the excretion returned to normal following treatment with diet, 
yeast and liver, and coincident with regression of the disease. Spies 
and his coworkers^®"^^ then noted that nicotinic acid causes a 
decrease in the excretion of chromogenic material not only in 
pellagrins, but in certain other diseases. The increased porpliyHn 
excretion in pellagra and in certain congenital diseases of the skin, 
such as epidermoly"sis bullosa and hy"droa vacciniforme, coupled 
with the increased photosensitivity" observed in congenital porphyria, 
is interesting in view of the work of Smith and Ruffin'® who found a 

_ * Bean, Vilter and Spies' have since designated their "porphjTin” as “ether soluble 
pigments which have the color of porphyrin in 25% hydrochloric acid.” 
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correlation between exposure to sunlight and the development of 
the cutaneous lesions of pellagra. Recent studies of porphyrin 
excretion, however, seem to indicate that it is usually associated 
with disturbances of the general health, and that photosensitivity 
or skin lesions have no direct relation to the porphyrinuria.® 

Porphyrinuria occurs in many pathologic conditions such as 
plumbism, sulfanilamide poisoning, pigment cirrhosis of the liver, 
pernicious anemia, hemolytic jaundice, chronic alcoholism, arsenical 
poisoning, and congenital porphyria These conditions point 
to involvement of the liver, bone marrow, or reticulo-endothelial 
system. Many of the phenomena observed in pellagra, such as 
abdominal distress, diarrhea, pigmentation of the skin, and photo- 
sensitivity are often found in patients exhibiting acute toxic por- 
phyria. Are these pellagrous symptoms due directly to toxic 
effects of excessive porphyrins or are the porph.yrinuria and these 
symptoms alike manifestations of systemic involvement? 

Several investigators have suggested that porphyrinuria may be 
an indication of hepatic insufficiency.'^'® We, therefore, felt that 
the explanation of porphyrinuria in pellagra might be aided by a 
study of porphyrin excretion in conjunction with administration 
of nicotinic acid, changes in liver function, and disturbances in 
hematopoiesis. 

Methods. The subjects in this study were 9 inebriates admitted to the 
Medical Service of the Psychiatric Division of this hospital who, at the 
time of admission, presented either a pellagrous stomatitis, dermatitis, or 
both. As a control, these patients were maintained for several days with 
a diet low in the yitamin B complex^’ supplemented by 5% glucose in 
physiologic saline in amounts sufficient to maintain an adequate caloric 
and fluid intake.*® Following the control period, and while still maintaining 
the patient with the same regimen, nicotinic acid* was administered, usually 
in amounts of 1000 mg. daily by mouth, in di\dded doses. After the first 
few days, when the patient exhibited marked improvement in his pellagra 
symptoms, the amount of nicotinic acid was reduced to a maintenance dose 
of from 100 to 500 mg. daily. At this time, too, the diet was usually changed 
to one having a high content of the B vitamins*® with supplements of vegexf 
and thiamin, t Porphyrin determinations were made on 24-hour urine 
specimens collected in brown bottles, preserved with thymol and kept in 
an ice-box. In addition, the following tests were made by methods de- 
scribed in previous publications from this clinic •.®'**'‘'^ lewlose tolerance, 
bromsulphalein retention, quantitative serum bilirubin, van den Bergh 
reaction, red blood cell count, white blood cell count, hemoglobin, mean 
corpuscular volume, maximum packing, corpuscular hemoglobin, and color 
index. 

The determination of porphyrin was rtiade by the method of Dobriner 
et which is based on the extraction of porphyrins (mainly copro- 

porphjnin) with ether in the presence of glacial 'acetic acid and transference 
to dilute hydrochloric acid. Estimation of. the porphjnin content of the 
hj-^drochloric acid extract was made by comparison pf the fluorescence of 

* Supplied by Merck & Co., Rabway, N. J., and by S.M.A. Corporation, Chicago, 
Illinois. 

t Supplied by Vegex, Incorporated, New York, N. Y. • • ‘ ' 

J Supplied by Merck & Co., Rahway, N. J,'. . 
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the unknown against hydrochloric acid solutions of known porphj'^rin con- 
tent in a fluorimeter, using a mercury vapor lamp behind a Wood’s filter 
to screen the visible light. The quantities and the kind of porphyrin 
extracted were confirmed spectroscopically by comparison against standard 
^ solutions with a hand spectroscope. 

Only coproporphyrins I and III are extracted by this method. Such 
porphyrins as uroporphyrin, protoporphyrin, and others, are rarely found 
in any significant amounts in the urine, except in congenital porphjTia, and, 
' if present, are largely removed by this method. Recovery of added copro- 
porph3Tin by the above method was within 2%. 

Results. Using the above procedure, the urinary porphyrin 
excretion of 7 normal subjects, consuming a good ad lib. diet, w’^as 
: found to range between 30 and 120 micrograms daily. These 
findings agree with those of Dobriner and his coworkers® •®“ in 5 
normal subjects, and are therefore not tabulated. Data on the 
9 pellagrins are tabulated in Table 1. 

Two subjects (Cases 3, 6) did not exhibit porphyrinuria at any 
time. 

One subject (Case 1) exhibited porphyrinuria on the twenty- 
. fourth day only, at a time when he had recovered from his pellagra 
following administration of nicotinic acid. 

Six subjects (Cases 2, 4, 5, 7, 8, 9) had a definite porphyrinuria 
, at some time during their hospital stay. In 3 (Cases 2, 7, 8) there 
seemed to be a definite correlation between the severity of the pel- 
• lagra and the excretion of porphyrins, in that the porphyrinuria was 
high during the severe manifestations of the disease but decreased 
' and returned to normal as the symptoms subsided. In 2 of these 
: subjects (Cases 2, 7) improvement occurred spontaneously while 
) they were maintained with the basal diet; in 1 (Case 8), the improve- 
inent promptly followed administration of nicotinic acid. In 3 
‘ (Cases 4, 5, 9) our data do not show any correlation between 
severity of pellagra and porphyrinuria. In one of these (Case 4) 
porphyrinuria increased as the pellagra disappeared wdth nicotinic 
■ acid treatment; in 1 (Case 9) transient porphyrinuria occurred 
; during both the control period and following recovery; and in one 
(Case 5) only a single porphyrin determination was made. 

All 6 subjeets (Cases 2, 4, 5, 7, 8, 9) who exhibited porphyrinuria 
showed at some time during their hospital stay impaired liver func- 
tion in the form of bilirubinemia, retention of bromsulphalein, 
or a positive levulose tolerance test. In 3 of these (Cases 4, 7, 9) 
one test was abnormal; in 1 (Case 2) two tests were abnormal; and 
in 2 (Cases 5, 8) all three tests were abnormal.. In the 2 (Cases 3, 8) 
who did not exliibit porphjTinuria, none of these three liver func- 
tion tests w^as abnormal. In the 1 (Case 1) wdio show^ed a por- 
phyrinuria only on the twenty-fourth day, two of the tests were 
abnormal. 

Blood studies were done in 6 subjects (Cases 1, 2, 4, 7, 8, 9), of 
whom 2 (Cases 7, 8) showed a quantitative anemia; both of these 



Table 1.— Scmmaby of the Data on Nine Pellagrins. 
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exhibited porphyrinuria. Of the remaining 4 subjects, all having 
a normal blood picture, 3 (Cases 2, 4, 9) exhibited porphyrinuria. 
No apparent correlation, therefore, exists in our subjects between 
the blood picture and porphyrinuria. 

Discussion. Our results indicate that porphyrinuria cannot be 
used either as a diagnostic criterion or as a therapeutic guide in 
pellagra. The experience of Sydenstricker^^ and Watson,"® who 
found that porphyrinuria was an inconstant factor in pellagra, is 
confirmed. Our findings indicate that porphyrinuria is present in 
about two-thirds of the pellagrins; but in only one-half of these 
can the porphyrinuria be correlated with the severity of the disease; 
in the other half, the porphyrinuria bears no relation to the stage 
or severity of the disease. 

Based on their results in the treatment of porphyrinuria by nico- 
tinic acid. Spies et have suggested a possible connection 

between nicotinic acid and porphyrin metabolism. This is not 
substantiated by our studies since porphyrinuria may decrease 
without the administration of nicotinic acid, or increase following 
administration of nicotinic acid and while the manifestations of 
pellagra are regressing. These facts also indicate that the symptoms 
of pellagra are in no way dependent on impaired porphyrin metab- 
olism as manifested by increased porphyrinuria. 

There is no evidence in any of our hematologic studies of a dis- 
turbed bone marrow activity with consequent alterations in hemato- 
poiesis to account for the production of excess porphyrinuria. The 
most significant correlation in our studies was the evidence of 
hepatic dysfunction in almost all of our subjects who had porphyr- 
inuria. The presence of liver dysfunction may explain the por- 
phyrinuria of our pellagrins either in the form of a disturbance in 
hemoglobin breakdown and production of excessive copropor- 
phyrin III, or of the liver’s inability to excrete porphyrins into the 
bile.'^ Both mechanisms may be coincidentally involved. Dobriner, 
Strain, and Localio^*’ have reported the detailed analysis of the 
porphyrin excretion of a case of pellagra in an inebriate. They 
found a mixed type I and III coproporphyin excretion similar to 
that reported in porphyria, pigment cirrhosis of the liver, and lead 
poisoning, and pointing to a pathologic construction as well as an 
abnormal excretion of porphyrin. These authors suggest that the 
porphyrinuria may resemble the urobilinuria caused by hepatic 
insufiiciency. 

As early as 1900 Garrod^^ had observed that many patients with 
porphyrinuria had evidence of liver disease, either clinically or post- 
mortem. More recently, Watson““ and Franke” have reported on 
the incidence of liver disease in porphyrinuria. Sydenstricker and 
his coworkers"" and Boggs and Podget^ have speculated on the 
possibility of some relationship of hepatic dysfunction to pellagra. 

In our subjects we have had to consider one other factor, i. e., the 
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clironic consumption of alcoliol. Franke and Fikentsclier'- and 
Brugsch® attributed the porphyrinuria of inebriates to the presence 
of liver disease. The finding of porphyrinuria in a pellagrin may, 
therefore, in our opinion, be only a sign of sufficient hepatic damage 
to interfere with the normal handling of the porphyrins. 

Conclusions. 1. Porphyrinuria is not a constant guide for the 
diagnosis of, or for the evaluation of therapy in, pellagra. 

2. When present in pellagra, the porplij^inuria is probably a 
manifestation of the coincident existence of hepatic dysfunction. 

We wish to express our gratitude to Dr. Konrad Dobrincr for supplying us with 
the standard porphj’rin solutions and for his helpful advice during the course of 
this work. 
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Congenital Cleft Lip, Cleft Palate, and Associated Nasal Deformi- 
ties. By Harold Stearns Vaughan, M.D., D.D.S., F.A.C.S., Pro- 
fessor, of Clinical Surgery, New York Post-Graduate Medical School, 
Columbia University; Attending Surgeon, New York Post-Graduate 
Hospital, etc. Pp. 210; 259 illustrations. Philadelphia: Lea&Febiger, 
1940. Price, $4.00. 

This is a concise presentation of the subject of cleft hp and palate. 
After an introduction on historic data, there foUow chapters on embr}^!- 
ogy and anatomy of the parts concerned, and a description of the various 
types of deformity. There is a simple exposition of the physiology of 
speech and deglutition with an explanation of the mechanism of cleft 
palate speech. The author describes several of the well-known operative 
methods of treatment, giving details of those which have been found most 
efficacious in his hands. This is not a mere recital of operations, but is of 
real value as expressing the results of the author’s wide personal experience 
in this field. For repair of cleft palate, he employs the von Langenbeck 
operation, using the lead ribbon support for the flaps as developed by 
Mackenty and himself. For the short palate, he uses his modification of the 
Dorrance “push-back” operation, which is designed to avoid an opening 
anteriorly when the cleft originally extends into the hard palate. The 
author deals at some length with the importance of continued supervision 
of the patient after operation. He states that young children vith ade- 
quate velopharyngeal closure obtain normal speech, even without training, 
but notices that adequate speech training and exercises will produce the 
results more rapidly. He also stresses the importance of orthodontic 
treatment when indicated. There is a section by Dr. L. J. Porter describing 
useful orthodontic apphances in these cases, and one by Dr. J. J. Fitz- 
Gibbon upon prosthetic aids in cases ivith defects not amenable to operation. 

We commend this book as one containing reliable information based 
upon wide personal experience in a very difficult field too often invaded by 
insufficiently prepared surgeons. R. I. 


Die Katarrh-Infektion als Chronische Allgemeinerkrankung. 
Fine dynamische Reaktionspathologie des Rlieumatismus und atiologisch 
zugehoriger Erkrankungen als Ausdruck einer spezifischen Virusinfek- 
tion. By Dr. Med. K. v. Neergaard, Professor an der Universitat 
Zurich. Pp. 285; 24 illustrations. Leipzig: Theodor Steinkopff, 1939. 
Price, Paper, Rm. 11.25; Bound, Rm. 12.37. 

This interesting book deals chiefly vdth the sequels of common cold and 
influenza. It is pointed out that there is no borderline between these two 
diseases, and that their sequels are the same. As they are toxic in nature, 
and as the infection by which thej’^ are preceded is most often a catarrhal 
one, they are spoken of as catarrhal toxicoses. The author describes in 
detail the various s 5 Tnptoms and manifestations of catarrhal toxicosis. 
He discusses its differential diagnosis, and its relationship to other diseases 
such as bronchitis, pneumonia, nephritis and especially rheumatism in its 
various forms. He also gives a comprehensive review of its etiologj' and 
pathogenesis. The author concludes that the common cold and influenza 
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are the cause of a “permanent endemic of chronic diseases of various nature 
and localization.” This catarrhal toxicosis as well as the common cold 
and influenza should be regarded as part of one specific infectious disease 
that was caused by the influenza virus. W. E. 


Functional Disorders of the Foot. By Frank D. Dickson, M.D., 
F.A.C.S., Orthopedic Surgeon, St. Luke’s, Kansas City General, and 
Wheatley Hospitals, Kansas City, Mo., Providence Hospital, Kansas 
City, Kansas, and Rex L. Diveley, A.B., M.D., F.A.C.S., Orthopedic 
Surgeon, St. Luke’s, Kansas City General, Research, and "Wlieatley 
Hospitals, Kansas City, Mo., Providence Hospital, Kansas City, Kansas. 
Pp. 305; 202 illustrations. Philadelphia: J. B. Lippincott Company, 
1939. Price, .S5.00. 

A SOUND and practical work, lacking in brilliance and originality, 

G. W. 


Orthopedic Operations. Indications, Technique and End Results. By 
Arthur Steindler, hl.D., F.A.C.S., Professor of Orthopedic Surgery, 
The State University of Iowa, Iowa Cit3L Pp. 766; 865 illustrations on 
322 figures. Springfield, 111.: Charles C Thomas, 1940. Price, 89.00. 
The essence and substance of this most excellent textbook are fully 
indicated in its title. A vast amount of material covering an extremely 
broad field is presented in a terse, at times, almost laconic style. The 
illustrations are numerous, clear and essential. The value of the work is 
greatly enhanced by its complete index. 

Such a work could only be VTitten by a surgeon who is master of his 
specialty. 'l^flIen to this is added the preeminent scholarship of the author, 
the result is a text outstanding in the world’s literature upon this subject. 

G. W. 


A Doctor’s Holiday in Iran. By Rosalie Slaughter Morton, M.D., 
Author of “A Woman Surgeon.^ Foreword bj’' Surgeon-General Hugh 
S. CuMiHNG (RETmED). Pp. 335; illustrated. New York: Funk & 
Wagnall Company, 1940. Price, 83.00. 

The author, well known for her medical achievements in the World 
War and as the author of an arresting autobiographic “A Woman Surgeon,” 
has visited Iran (Persia) to observe at first hand the metamorphosis of a 
reborn country. _ More than merely recording a doctor’s holiday, she 
describes enthusiastically the country's political and social progress under 
Reza Pahlavi, and almost incidentally considers the part played by the 
doctor in the country’s advancement. Most of these 50 pages, too, depict 
the backward state of medical knowledge in Iran, the work of foreigners 
apparently constituting the chief redeeming feature thus far. However, 
the number of better educated Iranian phj’-sicians is increasing, public 
health measures being adopted by the government, free dispensaries opened 
and vaccination made compulsory for children. Here is entertaining and 
instructive reading in support of the author’s belief that there is a great 
future for this ancient country that has had its periods of greatness. 

E. K. 


An Introduction to Modern Genetics. By C. H. Waddington, Sc.D., 
Fellow of Christ’s College, Cambridge. Pp. 441; 159 illustrations and 
5 plates. New York; 'The Macmillan Company, 1939. Price, 84.00. 
Heredity, the subject matter of genetics, has to an increasing degree 
become of importance to medicine. While this is widely realized, few prac- 
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titioners are correspondingly well acquainted with the principles upon which 
the science of genetics is built. This work deals with the concepts and theor- 
ies of genetics, rather than with techniques which have so often been over- 
emphasized in texts on the subject. The first part of the book treats of 
formal genetics, i. e., the fundamentals of Mendelism, the mechanics of 
the chromosomes and related subjects; in the second part genetics and 
development are discussed; in the third part, genetics and evolution; in the 
fourth, genetics and human affairs; the fifth deals with the nature of the gene. 
Perhaps the fact that this book was written by a well-knomi experimental 
embryologist accounts for the lucidity and perspective with which the 
subject is treated. It will be well worth the reading of anyone who would 
gain a survey of this relatively new science. B. L. 


Die akute Myokarditis. Klinische und pathologisch-anatomische 
Beobachtungen bei 36 Kranklieitsfallen in iliren Beziehungen zu Herd- 
Infekten, zu Allgemein-Infekten (Grippe) und zur Tuberkulose. By 
Ferdinand Wuhrmann, Oberarzt der Klinik. Pp. 148; 86 illustrations. 
■ Basel: S. Karger A.-G., 1939. 

This is an interesting study of 36 cases of acute myocarditis other than 
diphtheric, scarlatinal, typhoid, septic or rheumatic. A large group of 
these cases was preceded by influenza; 15 cases were affected with exudative 
pulmonary tuberculosis; and a few had a focal infection. The myocarditis 
commenced as a rule suddenly with collapse, cyanosis, rapid pulse and 
dyspnea. The heart was either a little enlarged or dilated, and electrocardio- 
graphic changes were present. In most cases death ensued rapidly, though 
occasionally recovery occurred. Histologic examination showed edema and 
inflammatory infiltration, both lymphocytic and granulocytic. The infil- 
trations were but rarely diffuse, but mostly focal, either in the auricles or 
the ventricles or both. The endocardium and pericardium were not affected. 
The author beUeves that post-influenzal myocarditis should be explained 
on an allergic basis, while tuberculous myocarditis is a “true tuberculous 
interstitial myocarditis.” The last chapter offers a critical discussion of the 
literature of the last 50 years. The monograph is well illustrated by many 
Roentgen rays, electrocardiograms, charts and microphotographs. 

W. E. 


Die Funktion der Nebennierenrindb. By F. VerzAr, Professor der 
Physiologie an der Universitat Basel. Pp. 266; 16 illustrations and 
4 tables. Basel: Benno Schwabe & Co., 1939. Price, Fr.Sw.25.00. 

The author has succeeded in presenting a well organized summary of 
adrenal physiology. Emphasis is placed upon experiments dealing with 
phosphorylation; and, in addition, a theory of adrenal function is suggested. 
This is a valuable reference blook. C. D. 


Manual of the Diseases of the Eye. For Students and General Prac- 
titioners. By Charles H. May, M.D., Consulting Ophthalmologist 
to Bellevue, Mt. Sinai and French Hospitals, New York, etc. With the 
assistance of Charles A. Pbrera, M.D., Instructor in Ophthalmologj’’, 
College of Physicians and Surgeons, Medical Department of Columbia 
University, New York. Pp. 515; 387 illustrations including 31 plates 
with 95 colored figures. Sixteenth Edition, refused. Baltimore: William 
Wood & Co., 1939. Price, 84.00. 

This sixteenth edition has been carefully revised so that although new 
material has been added the size of the volume stays approximate!}" the same. 
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Some of tlie recent additions concern chemotherapy, the operative treatment 
of retinal detachment by electrocoagulation and of corneal opacities by 
keratoplasty. The colored illustrations are sharp and accurate. This 
manual forms a reliable basis for the introduction of the undergraduate 
student to ophthalmologj’' and an accurate reference manual for the general 
practitioner. W. F. 


Virus and Rickettsiai. Diseases with Especial Consideration of Their 
Public Health Significance. A Sjunposium held at The Harvard School 
of Public Health June 12-17, 1939. Pp. 907; illustrated. Cambridge, 
Mass.: Harvard University Press, 1940. Price, S6.50. 

Diseases caused b 5 '' idruses are now known to be as numerous and as 
important as are the bacterial infections. But the study of ionises is still 
in an early stage, and progress in our knowledge is rapid; hence this sun-ey 
b}’’ a group of qualified investigators is timely and verj' helpful. The book 
deals vdth major problems: the nature and properties of viruses, the common 
diseases of man and animals caused by them, the epidemiological aspects of 
idrus diseases, the peculiar relationship of some bacterial infections and 
virus infections, insects as vectors of idruses. These aiid related topics 
discussed are of every day importance to the practitioner and to the public 
health official to whom this book is wannl 3 " recommended . A comprehensive 
index would render this useful and stimulating work even more helpful. 

B. L. 


Epidemic Encephalitis. Etiology, Epidemiology, Trb.\tment. Third 
Report by the Matheson Commission, Willard C. Rappleye, Chairman, 
Haven Emerson, Alphonse R. Dochez, Frederick P. G.\y, William H., 
Park, Charles R. Stockard, Frederick Tilney, Willis D. Wood. 
Hubert S. Howe, Secretary, Josephine B. Neal, Executive Secretary, 
Helen Harrington, Epidemiologist. Pp. 493. New York: Columbia 
University Press, 1939. Price, S3.00. 

The discovery during the past decade of the causative agents of several 
specific tj'pes of encephalitis has aroused wide-spread interest in these infec- 
tions of the brain. This report comes therefore as a timely and welcome 
summary of recent work on this subject. 

The major part of this book is a bibliography of the literature of encepha- 
litis for the years 1930 to 1937, which runs to some 300 pages. The chief 
contributions of this literature are necessarity reidewed but briefljq as thej" 
include the epidemic encephalitis of von Economo, the St. Louis and Japa- 
nese types, equine encephalo-m 5 '’elitis, post-infectious encephalitis and other 
allied iUs. 

In addition to this bibliograpliic work the Commission reports on their 
attempts to isolate infectious agents from encephalitic cases. Over 150 
specimens of spinal fluid and of blood taken during the “ante” stage of the 
disease were injected into mice and rabbits vdth completelj'' negative results. 
On the other hand, b}'^ inoculation of brain tissue from patients dj’’ing of 
various forms of encephalitis, a virus was found in five of 50 cases. In 
three instances of measles encephalitis, and in a chronic encephalitis case 
a herpes virus was recovered. Although no claim is made that herpes lirus 
is the cause of epidemic encephalitis, the Commission was led bj’^ these 
results to a trial of idrus vaccine treatment. 

Virus vaccine made up from herpes idrus has been used since 1933 in 
88 cases in the acute stage with a mortality rate of less than half that of the 
untreated cases. Patients in the chronic stage have also been treated with- 
results “on the whole encouraging and at times quite spectacular.” The 
authors wisely point out the difficulty in evaluating these results. 
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This volume is a splendid reference source for the literature of enceph- 
alitis. For the general reader its value could have been increased if the 
review had been more critical even if less encyclopedic, and had the titles 
been listed under subjects rather than authors. G. G. 


HTBtA.N Helminthology. A Manual for Physicians, Sanitarians and 
Medical Zoologists. By Ernest Carroll Faust, A.B., M.A., Ph.D., 
Professor of Parasitology and Director of Laboratories, Department of 
Tropical Medicine, Tulane University of Louisiana, New Orleans. 
Pp. 780; 302 illustrations. Second edition, thoroughly revised. Phila- 
delphia: Lea & Febiger, 1939. Price, $8.50. 

In its second edition this book has been increased by more than 150 pages 
part of which is taken up by a new chapter “Anthelmintics and Their Use” 
and part by increases in other portions of the text. The classification of 
the Nemathelminthes has been revised, but probably would have been 
improved by more complete illustrations. , Although it is still possible to 
point to many other faults, these are chiefly of a minor nature and the book 
seems to be the most complete and useful in its field. H. R. 


NEW BOOKS 

Arthritis and Allied Conditions. By Bernard I. CojmoE, A.B., M.D., 
F.A.C.P., Instructor in Medicine, University of Pennsylvania; Ward 
Physician, Hospital of the University of Pennsylvania. Pp. 752; 200 
illustrations. Philadelphia: Lea & Febiger, 1940. Price, $8.50. 

Synopsis of Obstetrics. By Jennings C. Litzenberg, M.D., F.A.C.S., 
Professor Emeritus of Obstetrics and Gynecology, University of Minne- 
sota Medical School, Minneapolis. Pp. 394; 157 illustrations (5 in color). 
St. Louis: The C. V. Mosby Company, 1940. Price, $4.50. 

Handbook of the Hospital Corps, United States Navy, 1939. Pp. 1015; 
201 illustrations. Washington, D. C.: The Bureau of Medicine and 
Surgery, under the Authority of The Secretary of the Navy, 1939. 
Price, $1.75 (Buckram). 

Though written as a guide for the hospital corpsmen of the Navy, this book 
contains such a mass of information that it should be useful in much wider circles. 
Minor surgery, anesthesia, therapeutics, toxicology, pharmacy, nursing, allergy, 
venereal disease, industrial medicine, are but a few of the subjects covered in 
the 12 chapters. The most detailed treatment is naturally expended on the 12 
sections of the final chapter on Hospital Corps Technical Specialties. 

Chemotherapy and Serum Therapy of Pneumonia. By Frederick T. Lord, 
M.D., Clinical Professor of Medicine, Emeritus, Harvard Medical School; 
Member of the Board of Consultation, Massachusetts General Hospital, 
Elliott S. Robinson, M.D., Ph.D., Director, Dhdsion of Biologic Labora- 
tories, Massachusetts Department of Public Health, and Roderick 
Heffron, M.D., Medical Associate, The Commonwealth Fund; formerly 
Field Director, Pneumonia Study and Service, Massachusetts Department 
of Public Health. Pp. 174. New York: The Commonwealth Fund, 1940. 
Price, $1.00. 

Introduction to Medicine. By Don C. Sutton, M.S., M.D., Associate 
Professor of Medicine, Northwestern University School of Medicine; 
Attending Physician, Medical Division of the Cook County Hospital, 
etc. With Introduction by Ada Belle McCleery, R.N., Superintendent, 
Evanston Hospital, Evanston, Illinois. Pp. 642; 144 illustrations and 
14 color plates. St. Louis: The C. V. Mosby Company, 1940. Price, 
$3.25. 

Graduate Medical Education in the United Stales. Continuation Stud}^ for 
Practicing Physicians, 1937 to 1940. Pp. 243. Chicago: American 
IMedical Association, 1940. 



864 


BOOK REVIEWS AND NOTICES 


Poisons, Their Isolation and Identification. By Frank Bamford, B.Sc., 
Late Director of the Medico-Legal Laboratory, Cairo. With a Foreword 
by Professor Sydney Smith, M.D., F.B.C.P., Begius Professor of 
Forensic Medicine, University of Edinburgh. Pp._344; 21 illustrations. 
Philadelphia: The Blakiston Company, 1940. Price, S4.00. 

The British Encyelopsedia of Medical Practice including Medicine, Surgery, 
Obstetrics, Gynsecology, and Other Special Subjects. Cumidative Supple- 
ment, 1939 (Pp. 170; 1 illustration); Surveys and Abstracts, 1939 (Pp. 655; 
26 illustrations). Under the General Editorship of Sir Humphry 
Rolleston, Bt., G.C.V.O., K.C.B., M.D., D.Sc., D.C.L., LL.D., 
Emeritus Regius Professor of Physic, Cambridge; Sometime President 
of the Royal College of Physicians of London. Publishing Editor, 
Adam Clark, L.M.S.S.A.; Sub-Editor, G. Faulkner, D.Sc. London: 
Buttenvorth & Co. (Publishers), Ltd., 1940. Price, S9.00 per volume. 

Specialties in Medical Practice. Volumes 1 and 2. Edited by Edgar 
VAN Nuts Allen, M.D., Chief of a Section in the Division of Medicine, 
The Mayo Clinic, Rochester; Associate Professor of Medicine, The Mayo 
Foundation for Medical Education and Research, Graduate School, 
University of Minnesota. With a Foreword by Donald C. Balfour, 
M.D., F.A.C.S., F.R.C.S. (England), F.R.A.C.S., Consultant in Surgery, 
The Majm Clinic; Professor of Surgery and Director, The Mayo Founda- 
tion for Medical Education and Research, Graduate School, University 
of Minnesota. Pp. 964; 300 illustrations. New York; Thomas Nelson 
& Sons, 1940. Price, S25.00. 

Relation of Trauma to New Grmuths. Medico-Legal Aspects. By R. J. Behan, 
M.D., Dr. Med. (Berlin), F.A.C.S., Surgeon, St. Joseph’s Hospital and 
Dispensary, City of Pittskirgh Hospital at Mayrdew, The Tuberculosis 
Hospital at Leech Farm, and the Allegheny County Hospital at Wood- 
ville. Pp. 425. Baltimore: The Williams & Wilkins Company, 1939. 
Price, S5.00. 

The Hypothalamus and Central Levels of Autonomic Function. Proceedings 
of the Association December 20 and 21, 1939, New York. (^''ol. XX of 
Research Publications, Association for Research in Nervous and Mental 
Diseases.) Pp. 980; 319 illustrations and 35 tables. Baltimore: The 
Williams & Wilkins Compan}'-, 1940. Price, SIO.OO. 

NEW EDITIONS 

A Textbook of Physiology. By William D. Zoethout, Ph.D., Professor 
of Physiology in the Chicago College of Dental Surgery (Lo 3 ’-ola Univer- 
sity) and W. W. Tuttle, Ph.D., Professor of Physiology, College of Medi- 
cine, State University of Iowa. Pp. 743; 302 illustrations. Seventh 
Edition. St. Louis: The C. V. Mosbj^ Company, 1940. Price, $4.50. 

This book maintains its high standard of clearness of exposition. Treating the 
subject for students with relatively little scientific background, it deals -with chem- 
ical and histologic foundations in a simple but adequate manner. It gives special 
attention to applications and rightly emphasizes the practical dietetics and the 
value of vitamins. It contains many references to review articles including recent 
publications and should be a very useful guide for students. It has been brought 
up to date with good judgment. H. B. 

Diabetes. Practical Suggestions for Doctor and Patient. By Edward L. 
Bortz, A.B., M.p., F.A.C.P., Associate Professor of Medicine, Graduate 
School of Medicine, University of Pennsylvania; Chief of Medical 
Service B, The Lankenau Hospital, Philadelphia. With a Foreword by 
George Morris Piersol, B.S.,.M.D., F.A.C.P., Professor of Medicine, 
Graduate School of Medicine, University of Pennsylvania. Pp. 296; 
15 illustrations and 6 tables. Second Edition, revised and enlarged. 
Philadelphia: F. A. Davis Company, 1940. Price, $2.50. 
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SINUSITIS IN CHILDREN 

Lately sinus disease in children, a process inadequately studied and 
for some unknown reason neglected by rhinologists, pediatricians and 
general practitioners, has begun to attract widespread attention®’'" and 
thoughtful consideration. Since children are especially subject to recur- 
ring attacks of upper respiratory infection, sinusitis should be suspected 
in cases with continued nasal obstruction, chronic cough, or frequent 
“colds.” Persistent purulent nasal discharge may imply something 
more than a “cold,” so that Miller' regards every acute “cold” as 
potentially an acute sinusitis, and Wachsberger'® believes that most of 
the chronic sinus infections of adults can be traced back to early child- 
hood. Sinusitis may be a complication of the acute exanthematous 
diseases, particularly scarlet fever and measles, as well as of whooping 
cough, influenza and any acute respiratory tract infection. Predispos- 
ing factors for the establishment of sinusitis are undernourishment, 
poor hygienic sirrroundings, inadequate diet, constitutional defects, and 
anything that causes mechanical obstruction to normal aeration and 
ventilation. 

Mitchell®® declares that the time to prevent infantile sinuses and 
accompanying sinusitis is during the period of growth and develop- 
ment, that is, during childhood and early adolescence. When the 
tonsils are removed too early in life, additional work is thrown on the 
sinuses, which play an intimate part in immunization against diseases 
that may arise from infections of the upper part of the respiratory tract. 
The dictum “once a sinus always a sinus” is not true if the condition 
is recognized early and managed properly. ]\Iitchell®“ states that the 
radiologist should be consulted at regular intervals so that the progress 
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of tlie disease may be determined. The otolaryngologist assumes 
responsibility for local treatment, while the pediatrician must recog- 
nize the sinus disease and supervise the general health of the patient. 
According to BirdsalP the onset of sinusitis is often insidious and may 
be overlooked unless a careful nasal examination is made. Tonsillec- 
tomy, performed upon children with sinusitis, is frequently without 
beneficial effect. Careful examination of the nose would prevent tlfis 
error in judgment in a large percentage of cases. Sinusitis in children 
responds readily to conservative treatment; operative intervention is 
necessary only in a relatively small number of cases. 

In order to arrive at an accurate diagnosis and to obtain better results 
in the treatment of nasal disease in children, Barnett and Carnahan" 
stress the desirability for establishing an allergy-conscious attitude on 
the parts of the rhinologist and the pediatrician. To determine the 
extent of nasal allergy in childhood it is essential to perform routine 
examinations of the nasal secretions. In a child with uncontrolled 
allergj’’ the removal of infected tonsils and adenoids may aggravate 
symptoms. The results from surgical intervention are often disappoint- 
ing if associated allergy is not simultaneously or previously relieved. 
The removal of nasal polyps in the patient with uncontrolled allergy 
may be followed by prompt recurrence. Cytologic examinations of tlie 
nasal secretions with predominance of eosinophils offer confirmatory 
evidence of allergy. Relief from nasal allergy may often be obtained 
by prophylactic allergic measures. Allergic testing and hyposensitiza- 
tion should be utilized in unrelieved and complicated conditions. 

Acute osteomyelitis of the superior maxilla in children and in young 
infants is the subject of two excellent papers by Lacy and EngeP and 
by Asherson.'^ Acute osteomyelitis of the superior maxilla in infants 
presents a typical and constant clinical picture enabling the condition 
to be readily identified in spite of the rarity of its occurrence. Starting 
with a feverish attack, the onset is sudden. The first indication of the 
location of the disease is edema and swelling of the eyelid. The eyes 
become closed, and proptosis follows. There soon develops a unilateral 
purulent nasal discharge from which the staphylococcus can be cultured. 
The cheek on the affected side becomes red, swollen, painful and tender. 
The inflammation goes on to suppuration and usually ruptirres just 
below the inner canthus, and gives rise to a persistent fistula. Local- 
ization may occur also in the region of the canine fossa, the alveolus 
and the palate ynth subsequent fistula formation. Early spontaneous 
rupture or operative procedures establish drainage of the infected bone 
and result in discharging fistulas. The outcome may be complete 
healing, healing with persistent sums formation or the development of 
septicemia and subsequent death. Immediate operation is indicated 
when the child presents itself with an orbital, canine or alveolar abscess 
already formed. Drainage should be established through the mouth 
and tlirough the maxillary antrum. During the chronic or indolent 
stage, further operation may be necessary to search for and remove 
any sequestra. 

In outlining otolarjmgologic suggestions in pediatric practice, Dinten- 
fass^ maintains that pediatricians should remember tliat the prime 
object is to assist Nature in the treatment of acute sinusitis and acute 
rhinitis. The local treatment of the nose should be mild and irritating. 
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He asserts that the less intranasal treatment the better. Ephedrine 
and other shrinking solutions, while they produce temporary relief 
from nasal stuffiness, have the great disadvantage of causing secondary 
relaxation of the vascular layer of the submucous tissue, with resultant 
bogginess of the turbinates, interference with the normal flow of mucus 
and disturbance of ciliary movement. Miller’^ finds that the frequent 
use of inert liquid petrolatum in young children is contraindicated 
because of the danger of inducing lipoid pneumonia. Any surgical 
procedure should be undertaken in acute sinusitis only in the presence 
of some grave complication. The prognosis of clironic sinusitis in 
children is better than in adults when appropriate treatment is instituted. 

Parkinson® utilizes the lateral head-low posture for making the naso- 
sinal area available for treatment, and ephedrine in a physiologic vehicle 
in the treatment of the nose and sinuses of children. In the posture 
described by Parkinson the head is inverted laterally. The patient 
lies on his side with his head bent downward exactly sidewise, using 
the shoulder as a fulcrum. Head-low posture in the treatment of tlie 
nose and sinuses makes available all important structures in the nose 
and permits treatment that is entirely free from trauma. Shea^^ insists 
that if the sinuses enter into the auto-immunization, a child possessing 
a normal group of sinuses obtains no help from cold serums, but a 
child with diseased or persistent infantile sinuses may need the help of 
a good vaccine. A modified autogenous vaccine made from the child’s 
secretions obtained during the first cold of the winter may be employed. 
The vaccine is administered throughout the severe weather, one or two 
doses being given to maintain immunity. Intrasinus vaccine seems to 
hasten the coagulation of the discharge and clinically may have some 
merit. 

Small doses of Roentgen rays, Rathbone^® finds, appear to be a 
simple, safe and highly satisfactory method of therapy in chronic sinu- 
sitis in children. Over 700 children have been treated by him in this 
manner. Sinus disease in children is often masked by such complica- 
tions as cough, pneumonia, otitis media and asthma. Those cases 
reported as cured improved immediately after treatment and have 
been symptom-free 1 to 4 years since treatment, and the check-up 
Roentgen examinations showed normal sinuses. Cases reported as 
improved were those in which the local symptoms and sequelte were 
greatly or entirely relieved, but the check-up Roentgen examinations 
sho^yed some degree of sinus disease still present. Cases reported as 
not improved had little or temporary improvement in symptoms, and 
the Roentgen examinations revealed sinus lesions. 

Noah D. Fabricant, M.D. 
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EPILEPSY— PHYSIOLOGY AND THERAPY. 

Although it may not be apparent in the physician’s everyday 
activities, statistics show that epilepsy from the point of view of a disease 
entity surpasses any other single nervous and mental disorder in the 
number of its victims.^^ Novick^ states that in the United States 
alone there are one and a half million persons subject to this illness. 
Lennox-®® is of the opinion that there are approximately a half million 
persons in the United States who are or have been subject to seizures. 
This number approximates the incidence of diabetes or active tubercu- 
losis. Forty thousand epileptic individuals are now confined in our 
state institutions, one-fourth in colonies designed especially for their 
care. The annual cost of care for these 40,000 individuals is approxi- 
mately eighteen million dollars. 

Of recent years very notable advances have been made in our under- 
standing of the pathophysiology of convulsive disorders and new phar- 
macologic agents have been developed. In this review an attempt will 
be made to present the outstanding features of these developments, 
which are of such import that every physician should be acquainted with 
them. 

It should be emphasized that epilepsy today is not regarded as a 
disease entity. Cobb^ states, “It is a symptom of many cerebral dis- 
eases.” He defines the condition as : “A disorder of the brain that causes 
repeated^ fits in which the usual functional abnormalities are: (1) 
changes in the electrical potentials as seen in the electro-encephalogram; 
(2) partial or complete loss of consciousness ; (3) nervous discharge into 
smooth muscle, striated muscle or glands, causing involuntary visceral 
or motor behavior.” Lennox-®* is far more inclusive in his definition, 
including those who possess a characteristic “disturbance in the electro- 
chemical activity of the discharging cells of the brain.” 

In approaching any case of convulsive disorder the primary concern 
of the physician should be to determine if possible the factor or factors 
causing the disturbance. Routine complete physical, neurologic, 
psychiatric, physiologic, and laboratory examinations should be con- 
ducted, and in the event these disclose nothing, encephalography should 
be performed. Brain tumors, meningeal scars, endocrine disorders, 
emotional disturbances, toxic conditions, inadequate physique, and 
poor regimen must be treated individually. Lennox^®* states, “The most 
dramatic relief from seizures that I have seen was obtained by patients 
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eyes, falling asleep, waking, or emotional upsets, which tend to produce 
rather sudden changes in normal rhythm are apt to precipitate seizures 
in these afflicted individuals. 

Not only do characteristic electro-encephalographic changes occur 
concomitant with seizures but they often occur extrinsic of any clinical 
evidences of an attack. These subclinical attacks are more frequent 
in petit mal than in grand mal. The former condition is sometimes found 
in individuals not suspected of having it and may even occur during 
sleep.®^ Characteristic electrical crises of dysrhythmia appear in 
approximately 6 % of normal conti'ol individuals and in 54 % of relatives 
of epileptic individuals. Lowenbach,®^ and Strauss, Rahm, and Barrera^- 
have continued electro-encephalographic researches on the relatives 
of epileptics and reported similar observations. Subclinical tracings 
may be of the same pattern found during clinical seizure, diminished in 
duration and voltage, or reveal themselves through isolated abnormal 
waves of large voltage, having the form of single sharp spikes, a spike 
and rounded hump, or square or round topped slow -waves. 
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PETIT MAL 

GBANO MAL 
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NORMAL A.'VW\'V\-W\a^ 

Chaht 1. — Schematic patterns of brain waves encountered in various conditions. 
Not only the frequency of waves, but the relationship between slow and fast waves 
is significant. The uppermost row of curves indicates the pattern of brain waves 
during various types of epileptic seizures. The second row indicates the pattern in 
these same patients at times when they are free of seizures. The third row shows 
the pattern in patients under the influence of ether and of alcohol and a patient 
with schizophrenia. At the bottom is a portion of a normal curve for purposes of 
comparison. (Through the courtesy of Lennox, the tracings in Chart 1 are presented.) 

Experienced electi’oencephalographers can now predict the occurrence 
of a seizure through careful study of the wave changes in a patient s 
record. Abnormal rhythms commonly appear first in the frontal area 
but frequently they appear first in the parietal or occipital areas. 

The effects of various therapies on the electro-encephalogram ha-ve 
been studied, phenobarbital and bromide bringing about a decrease in 
the rate of cerebral rhythm, it being of value therefore in conditions of 
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abnormally fast rate, namely grand mal. Overdoses may decelerate 
cerebral discharges to the point of precipitating psychomotor episodes.^- 
Petit mal rhythms may be precipitated by short periods of over- 
ventilation and often disappear while the patient is breathing air 
containing 3 to 7% carbon dioxide. Abnormal rhythms are greatly 
increased by insulin and decreased by glucose. Normal mental activ- 
ity tends to inhibit and unpleasant emotional states to augment the 
frequency of petit mal rhythms. 

The evidence of hereditary transmission of “paroxysmal cerebral 
dysrhythmia” is based not only on the findings in the electro-encephalo- 
grams of the relatives of epileptics®^ but is fortified by the fact that the 
individual who develops seizures after injury has 3 times more near 
relatives with seizures than the non-epileptic.®® Lennox, Gibbs and 
Gibbs®^ found that of the 50 % of the relatives of epileptic patients 
showing cortical dysrhythmia, 2^ % have or have had epilepsy, indicat- 
ing that those with a pre-disposition outnumber the clinical cases by 
20 to 1. They reason that since 0.5% of the population is epileptic, 
10 % of the population is predisposed to epilepsy or a kindred disorder. 
The chance possibility of two pre-disposed persons marrying is one in 
a hundred, yet pre-disposition was found in both parents in 28% of 
their cases. It is therefore unwise for an epileptic person or one with a 
cortical dysrhythmia to marry a person who does not have normal brain 
waves. 

Diagnostic problems in epilepsy have been somewhat clarified 
with the advent of electro-encephalography. It must be emphasized 
that this is a highly technical procedure requiring expensive apparatus 
and trained personnel. The diagnostic procedure of giving the patient 
large amounts of water (300 to 500 cc. of water every 1 to 2 hours) 
combined Avith pitressin (.25 to .5 cc. every 4 hours for 10 injections) 
as proposed by McQuarrie®®-®’' and others has proved itself to be fairly 
reliable.®® The advantage of this test is that it can be administered in 
practically any hospital and is safe if properly conducted. 

Nachtsheim^^ has reported that far smaller doses of metrazol are 
required to produce a generalized convulsion in epileptic animals than 
in non-epileptic animals and has proposed that this fact might be of 
diagnostic value in suspected epilepsy. Further studies may be neces- 
sary to determine the exact dosage limits which would permit a positive 
diagnostic statement. Experience with a few epileptics who have had 
metrazol treatment for other disorders gives the impression that 
these individuals require much smaller convulsive doses of the drug than 
do non-epileptic persons. 

The concept that practically all persons with epilepsy deteriorate 
has been challenged by Paskind and Brown^®“ who found that in a group 
of 304 epileptic persons, all of whom had had the disease at least 6 years, 
only 6.5% showed any deterioration. The statement that most text- 
book and standardized opinions concerning epilepsy have been based 
upon advanced committed cases and have not taken into account mild 
or uncoipiitted cases is pertinent. These authors conclude that 
constitutional differences reflected in both size and proportions are 
present in deteriorated epileptic patients as compared with non-deteri- 
orated ones. Clark® and Bleuler® have observed that abnormalities 
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prognosticating epileptic personality and deterioration are pres- 
ent in patients before the onset of any seizures. The non-deteriorated 
epileptic in general has fewer seizures, more and longer remissions, and 
the onset of his illness is later in life than in the institutional patient.^®'^^-' 
Jasper and Nicols"® and Hyland, Goodwin, and HalP^ have emphasized 
the possibility that reported subclinical seizures evidenced by electro- 
encephalographic tracings may be an important factor in the mental 
retardation and emotional disturbance seen in epileptic patients between 
or without attacks. 

Since ancient times, epileptics have been plied with practically 
every type of substance and therapeutic agent kno\vn to man, including 
powdered human skull, gall of boar, fried with urine, elks’ claws, liver 
of wolf, and so on.®^^ Effective therapy in the last 100 years has con- 
sisted primarily in the dependence upon bromides and phenobarbital. 
Cohen, Showstack, and Myerson’ have divided the history of phar- 
macologic treatment of epilepsy into 3 epochs, the first beginning in 
1853 with the increasing use of bromides, the second in 1912 with the 
introduction of phenobarbital, and the tliird in 1938 when dilantin 
sodium was made available by Merritt and Putnam For 50 years 
after their introduction bromides held undisputed first place in the 
treatment of seizures. In 1899 the National Hospital in Queen’s 
Square, London, dispensed almost 2 tons of this medication.^® 

Although bromides have been abandoned by most clinicians because 
of the possible toxic effects, including clouding of consciousness, delir- 
ium, and skin manifestations, some experienced clinicians continue 
to use them to advantage. Pollock''® reports that in 96 cases he secured 
final remissions in 36% and remissions of over 1 year in 71.7% of his 
cases, some of these lasting as long as 10 years with a mean of bet^veen 
3 and 4 years. Excluding focal attacks he was able to stop seizures 
in 74 % of liis cases by using bromides. 

Novick® recommends that large doses of bromide be administered 
these patients and states, “Bromide is probably the most effective anti- 
convulsant.” He has found the drug useful in those cases not respond- 
ing to phenobarbital. Although phenobarbital was synthesized'® in 
1903 it was not used in epilepsy until 1912'® and its use in tliis country 
was first reported in 1920 by Grinker.''' Since that time this drug has 
come to be almost xmiversally used in the treatment of all forms of 
epilepsy. Individual dosage is very important in securing satisfactory 
relief. The drug has not been very effective in petit mal. Some indi- 
viduals have shown idiosyncrasy to it and in others adequate dosage has 
been impossible because of the stupor and clouding of consciousness 
which were produced. 

Southerland®' has recently reported that in a group of institutional 
cases 85 % had fewer seizures on phenobarbital, gr. I per morning, and 
sodium bromide, gr. XXX per afternoon, than when receiving pheno- 
barbital, gr. I, twice daily. Somerfeld-Ziskind and Ziskind®® report 
that by using phenobarbital alone they have completely relieved 79 % of 
48 patients from attacks. Eobinson and Osgood'® report that 37 of 
100 patients derived “marked benefit” from large doses of phenobar- 
bital. The average daily dose was Sj grains and the maximum llj 
grains. Cohen, Showstack, and Myerson® determined that the maximum 
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effective dose of phenobarbital was able to bring about improvement 
in 89% of 144 patients and a total seizure reduction of 68%. Cohen 
and Myerson® have been able to eliminate some of the undesirable 
sedative effects of phenobarbital by giving 5 to 25 mg. daily of amphet- 
amine sulphate without in any way diminishing the anti-convulsant 
effect of phenobarbital. This demonstrates the fact that phenobarbital 
is not dependent upon its sedative action for its clinical value in epilepsy. 

The ketogenic diet has been used for some years in the treatment of 
epilepsy, but due to the difficulties incident to having patients remain 
strictly on it, it has never been widely utilized. Helmholz-® after 15 
years’' e.\-perience with ketogenic diet in 404 epileptic children reports 
that 31% were rendered free of attaclvs and 16% definitely improved. 
Wilson^^ reports that the regimen has repeatedly failed to help in the 
therapy of extramural patients. 

Fluid restriction and dehydration regimen as recommended bj”^ Fay® 
did not yield good results in the Wilson clinic because of difficulty in 
securing cooperation in patients. This procedure has been quite gener- 
ally adopted but usuallj'^ in conjunction with drug therapy. 

Of recent years there has been used in England a barbituric acid 
derivative called prominal, namely N-methyl-ethyl-phenyl-malonylurea. 
A claim has been made that this drug has none of the unfortunate side 
actions of phenobarbital. Page'*'' reports having reduced the total num- 
ber of seizures in 10 of his patients by more than 50%. Millman^® 
after 5 years’ experience with the drug in an epileptic colony con- 
cludes that it is superior to phenobarbital in the majority of cases, that 
it is less hypnotic, docs not diminish in efficacy over a period of 5 years. 

Methylene blue has been used by Kajdi and Taylor®^ in status 
epilepticus while neutral red and brilliant vital red have been used 
by Cobb, Cohen, and Ney® with encouraging results. Osgood and 
Robinson'*® report that brilliant vital red diminished the attacks in 
over one-half of 13 cases treated and had a greater anti-convulsant 
effect on petit mal than grand mal seizures. These dyes will probably 
have no widespread therapeutic acceptance or possibilities because of 
the manner in which they discolor the subject. 

The most remarkable and important chemotherapeutic agent to 
appear in the convulsive disorders since 1912 was developed under 
interesting circumstances in Boston by Putnam and Merritt in 1937.^® 
They reported upon a reliable electrical method for producing convul- 
sions in cats and were able to establish convulsive thresholds within 
quite cxaet limits without notable injury to test animals. With the 
aid of this apparatus they proceeded to test the anti-convulsant activity 
of a rather large number of drugs and found, for instance, that sufficient 
sodium bromide to prevent a cat from walking would raise the convul- 
sive threshold about 50 % while a similar dose of phenobarbital would 
treble or quadruple it. The most promising drugs found were diphenyl- 
hydantoin, acetophenone, and benzophenone. An interesting observa- 
tion was that barbiturates other than phenobarbital had very little 
anti-convulsant action. Dilantin and phenobarbital raised the con- 
vulsive threshold greatly at first but with continued administration the 
tmeshold fell to normal limits.®^ The drugs found most effective were 
those possessing the largest number of phenyl radicals. The structural 
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formuljE of sodium diphenylhydantoinate and phenobarbital are shown 
to aid in the understanding of the clinical relationship of these drugs. 
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Further observations along these same lines were reported in 1938. 
At this time a number of convulsive drugs were also tested.^® Sodium 
diphenylhydantoinate was then subjected to extensive pharmacologic 
and toxicologic tests by Krayer*^ and Kamm and Gruhzit.-® The 
results were such that the drug was considered safe for clinical trial. 
Later in 1938 first clinical results were reported upon 142 patients 
treated for periods of 2 to 11 months."’®'’ Grand mal attacks were 
relieved in 58%, greatly decreased in frequency in 27%. Petit mal 
were relieved in 35% and greatly decreased in frequency in 49%. 
Psychic equivalents were relieved in 67 % and greatly reduced in 33 %. 
Toxic manifestations were reported in 15%. 

The widespread usage and acceptance of this agent has been based 
largely on the facts that it has no sedative effect, no serious toxic effects, 
and is a most effective anti-convulsant. Frost” on a basis of 3 casefe, 
1 schizoplrrenic and 2 epileptics, has reported that the tlireshold to 
metrazol was not raised after administering dilantin. Goldstein arid 
Weinberg,’® however, report that in 19 epileptic patients given dilantin 
for 1 month or longer and then given metrazol the convulsive threshold 
was so raised that whereas before dilantin 52% of the individuals 
responded with seizures, only 7 % responded after dilantin. 

Individuals who have been receiving other forms of medication 
and are being placed upon dilantin should not be suddenly taken off the 
one and given the other but the previous drug should slowly be with- 
drawn over a period of about a week during which the dilantin dosage 
is being built up. Dilantin at the present time is available in 1| grain 
capsules and ^ grain capsules and is best taken with or after meals 
because in some individuals the basic nature of the salt produces nausea 
when taken on an empty stomach. The usual procedure is to start 
adults with .3 gm. daily of dilantin (3 capsules) and after previous 
medication has been withdrawn to continue on this dosage until suffi- 
cient time has elapsed to determine its effectiveness. If it proves ineffec- 
tive, then the dosage is slowly increased to as much as .6 gm. daily. 

Sodium diphenylhydantoinate was approved by the Council on 
Pharmacy and Chemistry’ in November, 1939, at which time the reports 
of 13 clinicians were presented, covering a total of 595 epileptic patients. 
In 404 of these patients the clinicians reported' that this drug was the 
most effective of a number submitted. The drug was approved under 
the name Dilantin Sodium and accepted for inclusion in the New and 
Non-official Remedies with the provision that it not be recommended 
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for use by the general practitioner unless he is able to maintain close 
daily supervision of the patient and it is not to be recommended for 
treatment of those patients whose seizures occur only at long intervals 
unless phenobarbital is not effective or induces disagreeable side actions. 

Kimball and Horan"“ reported that in 55 % of their 220 cases seizures 
were entirely controlled. They were modified or partially controlled in 
another 20 % and there was no improvement in 25 %. McCartan and 
Carson®^ were able to secure a complete cessation of grand mal con- 
vulsions in 79 % of cases treated by them and a marked decrease in 
10.5%. Weinberg and Goldstein^ report that in a series of 15 patients 
treated first with phenobarbital and then with dilantin the latter drug 
produced complete cessation of seizures in 40 % and a marked diminu- 
tion in 13% of the cases. Numerous other reports have appeared in 
the literature, in general agreeing with the findings given above, the 
two major advantages of this drug being its greater effectiveness in 
controlling grand mal and psychomotor seizures and its absence of hyp- 
notic effect. The drug has had but small therapeutic value in petit mal. 

Several authors have been using combinations of dilantin and pheno- 
barbital in cases not responding satisfactorily to either with much better 
results than could be secured with either drug separately. Cohen, Show- 
stack, and Myerson^ found that dilantin alone did not exert as favorable 
an effect as adequate phenobarbital alone but disclosed a most striking 
synergism between phenobarbital and dilantin in combination, the 
reduction in seizure incidence being at least 50 % above the most favor- 
able results obtained by either drug alone. They recommend the use of 
amphetamine sulphate for the untoward effects of idiosyncrasy on 
excessive dosage of phenobarbital, thus permitting the drug to be con- 
tinued. It is probable that in the future convulsive phenomena will 
be best managed by starting patients on phenobarbital and maintaining 
them on this if satisfactory relief can be secured on sub-to.xic doses and 
that if, by the addition of amphetamine sulphate, satisfactory relief 
can be maintained, the patient will be kept on this regimen. Those 
showing stupor, drowsiness, loss of energy, or failure to respond to the 
drug will then be tried on dilantin or a combination of these two drugs. 
No general statement can be made regarding dosage of drugs and eaeh 
case must be individualized. 

Numerous minor toxic effects, including tremors, ataxia, and dizziness, 
have been observed in some 15 % of cases by Merritt and Putnam.^®*' 
A toxic dermatitis occurred in 5 % of all their cases and non-thrombo- 
cytopenic purpura in one patient. The same authors^®® later report 
that an overdosage of the drug may produce drowsiness, ataxia, nystag- 
mus, and diplopia. An erythematous morbilliform scarlatinaform 
rash appeared in 5% of all their cases and one patient developed a 
mild exfoliative dermatitis accompanied by fever and eosinophilia. 
Kimball and Horan'^® found that 10% of all children developed skin 
rash during the second week of therapy; 51 % of all cases showed various 
degrees of hyperplasia of the gums. The changes, however, were not 
characteristic of scurvy since the gums Avere firm and did not bleed. He 
felt that vitamin C metabolism was involved and the cases improved 
upon being so treated. Even without treatment the gums returned to 
normal if dilantin was stopped for as long as 3 months. He reports a 
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death in one patient taking dilantin due to gastritis with hemorrhage. 
The contention that these gum changes were due to deficiency of 
ascorbic acid was disproved by Gruhzit.'® 

Several instances have been reported in which delusions and halluci- 
nations, excessive activity, and other psychic manifestations have 
resulted. Pratt*" reports toxic reactions in 73 % of 52 patients treated 
by him, the most common being subjective tremulousness with a feeling 
of apprehension and tension, tremors, burning sensation in the eyes, 
blurring of vision, diplopia, dizziness, ataxia, nausea, and sometimes 
vomiting. These usually occurred within 3 to 10 days after treatment 
was begun. Five psycliotic states were encountered in association with 
treatment. Mild gum hyperplasia occurred in 50 % of the cases. When 
any or all of the above toxic symptoms occur the medicine should be 
completely stopped or markedly reduced in amount temporarily and 
may be reinstated after a short period, usually without a recurrence 
of the symptoms. The patient should be maintained on whatever other 
available anti-convulsants there are at hand when the dilantin is stopped. 

Coincident with the great mechanical, chemical, and theoretical 
advances that have come in the last few years in the field of convulsive 
disorder there is danger of a concomitant failure to remember that in 
the end we are treating patients and not convulsions. This fact was 
recognized by Jackson-^ in 1855, reiterated by Clark, in 1922, and ably 
emphasized by Cobb* this year. Social corrective, social constructive, 
psychiatric interviews and psychoanalytic therapies are considered by 
him as an essential part of the therapy of any epileptic patient. Such 
of these as are needed are supplied by the physician. In many of 
his cases he has been able to secure complete cessation of epileptic 
phenomena without or upon minimal doses of chemical substances bj' 
adhering to this policy. Wilson® has likewise emphasized the necessity 
of treating the patient and his environment if one is to discharge the 
obligations of a physician to an individual with any type of convulsive 
disorder. 

Franklin G. Ebaugh, M.D. 
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The Effect of Tobacco Smoke and Nicotine Upon the Normal Heart 
and in the Presence of Myocardial Disease Produced by Coronary 
Artery Ligation; an Experimental Study in Dogs. Samuel Bellet, 
Richard H. Meade, Jr., Alfred Kershbaum, and Leon Schwartz 
(Department of Surgical Research and Robinette Foundation, Univer- 
sity of Pennsylvania, and Philadelphia General Hospital). The object 
of these experiments was to determine whether or not a difference in 
tolerance to tobacco smoke and nicotine exists in the normal heart 
as compared to hearts where myocardial damage was produced by cor- 
onary artery ligation. The unanesthetized dog was used in all experi- 
ments. The effects of inhalation of tobacco smoke and nicotine in 
various doses on the electrocardiogram of the normal dog was first 
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determined. Myocardial damage was then produced by ligation of 
the anterior descending branch of the left coronary artery and its accom- 
panying vein. Such a preparation presents the opportunity for study- 
ing the effects of nicotine in the presence of acute infarction (1 to 4 days), 
subacute infarction (5 to 11 days) and chronic infarction (after 18 days). 
Following the inhalation of tobacco smoke, considerable variation in 
the electrocardiographic effects were observed at different times in the 
same animal. This was apparently the result of differences in absorption 
because of variations in the depth of inspiration. Since nicotine is the 
chief ingredient responsible for the toxic effects of tobacco smoke and 
in order that the amount absorbed could be definitely controlled, 
nicotine injected intramuscularly was used in our later e.xperiments. 
It was found that the electrocardiographic changes were identical to 
those produced by inhalation of tobacco smoke. The electrocardio- 
graphic effects were graded as slight, moderate and severe, depending 
on the T wave changes and the characteristics and duration of the 
resulting arrythmias. 

It was found that normal animals were able to receive doses from 
0.2 to 0.8 mg./kilo with development of relatively slight electrocardio- 
graphic effects. Follomng coronary ligation, severe effects were 
observed with a dose of 0.2 mg./kilo in most of the animals in the acute 
stage. These effects became less marked as the chronic stage of infarc- 
tion was reached. However, the effects were more marked in the chronic 
stage than in the normal control. A parallel apparently existed between 
the severity of the electrocardiographic effects and the grade of myo- 
cardial disease. 


The Action of Quinine Methochloride and ^ Erythroidine in Human 
Subjects and a Method for its Quantitative Determination. A. M. 
Harvey, R. L. Masland, and R. S. Wigton (Eldridge Reeves Johnson 
Research Foundation and the Institute of Neurology, University of 
Pennsylvania). A new method has been developed by which the action 
of drugs on neuromuscular function can be studied quantitatively. 
It consists in recording the action potential of an entire muscle during 
maximal stimulation of its motor nerve. 

Recording electrodes are placed on the skin over the tendon and belly 
of the abductor digit! quinti muscle, and the ulnar nerve is maximally 
stimulated, above the elbow, by means of condenser discharges. The 
resulting muscle action potential is the summation of the action poten- 
tials of all the individual fibers, and its size is proportional to the num- 
ber of fibers contracting. Changes in its size during the administration 
of a curarizing substance are proportional to the degree of neuromuscular 
block effected. 

The curare-like effect of a given dose of either quinine methochloride 
or jS erythroidine depends largely on the rate of injection, as both are 
rather rapidly destroyed, and their action is of short duration. ^ During 
injection there develops first ptosis and weakness of the extrinsic ocular 
muscles. At this time there is little obvious weakness of the somatic 
muscles, but when the ulnar nerve is stimulated repetitively, the suc- 
cessive action potentials of the muscle show an exponential decline m 
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size. A single response is reduced in amplitude and is followed by a 
long period of depression lasting over two seconds. 

The changes in myasthenia gravis have been found to be entirely 
similar to those produced by partial curarization in the human subject. 

A Method for the Measurement of Intra-intestinal Pressure and its 
Clinical Significance. W. O. Abbott, H. K. Hartline, J. P. Hervey, 
F. J. Ingelfinger, a. J. Rawson and L. Zetzel (Gastro-Intestinal 
Section (Kinsey-Thomas Foundation) of the Medical Clinic, and the 
Johnson Foundation of Medical Physics, Hospital of the University of 
Pennsylvania). A method has been devised for measuring the pressure 
in the human alimentary tract simultaneously at several points along 
its length. Small metal capsules, each containing a flexible diaphragm, 
are attached at suitable intervals to a rubber tube, which is then swal- 
lowed by the subject. The diaphragm of each capsule carries an electric 
contact arranged to close when the pressure inside the rubber tube has 
been adjusted to equality with the pressure outside the capsule. The 
pressures necessary to close the circuits to the various capsules are 
determined automatically at intervals of 2 seconds and recorded on a 
slowly moving paper, giving essentially continuous traces of the pressures 
in the gut at the locations of each of the capsules. 

This method has proved to be clinically practical. It is no more trying 
to a patient than a duodenal drainage. It is particularly adapted to 
the study of the full rather than the fasting digestive tract. When 
used in conjunction with fluoroscopy it makes possible a correlation of 
the movement of contents with the pressures causing the movement. 
Ordinarily a basal ‘Tonus pressure” is easily detectable in the gut lumen 
with waves of variable amplitude superimposed upon it. In the upper 
small intestine tonus pressures of 11 to 15 cm. HsO are commonly seen 
with rises to 20 or 30 cm. as waves pass, and occasionally even to momen- 
tary peaks of 50 or 60 cm. The waves and the tonus level may vary 
independently. The results obtained so far suggest that a valuable 
insight into the mechanism of symptom production and the effects of 
treatment may develop from the application of this method. 


The Mechanism of the Storage of Iodine in the Thyroid and the 
Passage of the Thyroid Hormone to the Tissues.* J. F. McClendon, 
W. C. Foster and W. G. Kirkland (Department of Physiology, 
Hahnemann Medical College). Goiter occurs in all parts of the world 
but varies inversely with the distribution of iodine, f In very goitrous 
countries congenital goiter is the rule and congenital weakness is one of 
the signs of cretinism just as it is in animals. Goiter may be produced 
in animals by lack of iodine in the diet. Goiter varies inversely with the 
iodine content of cabbage as well as of other foods. Although thyroxine 
is the active ingredient of the thyroid hormone, thyroglobulin (of molec- 
ular weight 700,000) without iodine is formed first and the tyrosine is 
partially ehanged to thyroxine. The tyrosine diiodo-tyrosine + thy- 
roxine content of thyroglobulin (calculated as tyrosine) remains constant 

* Aided by a grant from the Elizabeth Thompson Science Fund, Boston, 
t McClendon, J. F.: Iodine and the Incidence of Goiter, Univ. of Minnesota 
Press, 1939. 
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at 3.4% whereas the thyroxine content varies from an average of 0,32% 
for "normal” to 0.02% for goiters not subjected to iodine medication. 
ThjToglobulin was forced out between cells by centrifugal force of 
200,000 times gra\dty. 

The thjToxine -f thjToglobulin-iodine content of blood and tissues 
was determined by powdering the tissue, extracting with methanol and 
acetone and analyzing the residual iodine by a platinum combustion 
tube, electrometric method. Added thyroxine and thjToglobulin were 
recovered but added diiodotjTosine and potassium iodide were com- 
pletely removed b}’^ the extraction. 

From a study of the blood and basal metabolic rates of 333 patients 
and of tissues of numerous autopsies, we have found that for every 
microgram of thjToxine iodine in 100 cc, of blood there is about 1 mg. 
of thyroxine in the body of the adult. These values are related to the 
metabolic rate in percentage of normal averages as follows (correlation 
coefficient 4-0.627); 

Basal metabolic rate . . -.30 -20 -10 0 +10 +20 +30 +40 +50 

Micrograms thyroxine io- 
dine in 100 cc. blood .2 3 456 7 S 9 10 

Milligrams thyroxine in 

body 2 3 45 6 7 8 9 10 
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